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FATIG-IE CEARACTEniSTICS OF SPOT-!vEIDBD 2^S~T AXUMimi ALLOY 

3y V:. Russell, L. R. Jackson, 
H. J. Grrover, and ¥. Beaver 



STOORY 

The results of this investij^-ation may iDe sarmarized as 
follovrs: 

1. The static shear strength of spot v/elds in lap joints 
of 2US-T alclad increases vrith increasing sheet thiclcness for 
thickncr,nes in the ranne 0.025 i:^ch to G.C32 inch. This in- 
crea.se in static stren^-^th of spot velds also is evident in the 
fatigue -oroperties. At low stresses (loni;-': life), variations 

in spot-weld quality a.:)pear to "be not so important as in static 
tests or in hie!^ stress (short life) tests. 

2. The static strongthr-weight ratio of stiffrned panel 
sections in which the same st if for or is used with panels of 
va^rious thicknesses is found to oe higher for thin* sheets than 
for thick ones. This is in agroc]::ont with rer.ults o"btaincd 

"by previous investigators. The low stress (].on,:T life) fati.rue 
strongth-wci'^ht ratio, however, she-- an apposite trend in the 
range of sheet thickness from 0*025 to O.C^l inch. The reason 
for this condition is that the low-stress- fatigue rofi'.ults 
follow the same trend as the start of tuckling^'in the material, 
and a thicker sheet tends to raise the stress at v;hich "buckli :g 
starts. 

3. The presence of unstressed "scati" sheets attached "by 
spot wolds causes slight reduction in both the static yield 
strength and tensile strength ^-ith considerably great^ir reduc- 
tion in ductility. The low stress (long life) fatigue strength 
of the sheet does not appear to he altered to any great extent 
hy the presence of spot v/elds, since, in tests of this t:rpe, 
failure usually occurs in the 3-inch-radius fillet Joining 

the ends and the test section of the sample in 'orof crence ""to 
the region along the line of the spot vreids. 
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h. Motallographic crcarcination indic'^tes thcit tho portion 
of tho spot wold suoject to fatiguo loading is the sharp re- 
entrant angle lormod Id:/ the t^-^o sheets at the wold tutton. It 
appears that iati{{ue failures alv:ays start in this "orach." 
Once fatigac fail-ares have started, hovrevor, tho course of the 
crack depends r.pon the system of stresses irrrpoGod. The extent 
of weld penetration appears to he more importf,:.nt in determining 
fatig'ue stren^'th than it is in determining static strongtho 

i.;:nioDUCTio:T 

Tliis pa^por covers the stud^ of fatigue propcrt iei--^. of 
three simple but "basic types of spot---;eldod structures ma.de 
from 24S-T alolad sheet, and it is the final report on research 
conducted in this investigation. An advance rentrictod report 
entitled "Pro^^ress Report on Patigue of Spot— Welded Al-jjiiinum, " 
hy H. Rissoll and !• J.ackson, dated Fehruar^,^ 194-3> (ref- 
erence l) descrihes tho first half of the research conducted 
in this investigation. It was "believed advisable, however, to 
make this present report complete in itself; so a large amount 
of iiiformation presented in reference 1 is a-lso contained in 
this report. 

Tho report is f"'-ividod into four parts and two appendixes. 
The first part deals with static a-id cl;^''namic tests of soot-- 
welded len joints loaded in tension: the second, vrith com.prcs- 
sion tests of stiffened panels; the third dcccrihes an investi- 
gation of tension specimens vdth unstressed attachrr.ents; aiid 
the fourth; correlation of fatigue properties v/ith the metal- 
lurgical stracture and the geometry of spot welds. Appendix I 
consists of a report by the ALjuainum Company oi America on the 
mechanical properties of the alclcad sheet used in this investi- 
gation. In appendix II the m.ethods used in te'^^ting the speci- 
mens are described in detail. 

This investigation, on the fatig'ae characteristics of s-oot- 
v/elded joints in aluminum 2US-T alclad, vrhich v/as undertrken 
by the Battelle Memoria,l Institute in May 19^'2, was sponsored 
by, and conducted v/ith financial assistance from, the iJo,tional 
Advisory Committee for Aeronpjuticr. 

The 'AS-T alclad rhect used in this investigation vio.s 
furnished by The Glenn L. Martin Com/oany through the courtesy 
of Mr. S. A, Gordon; hat-shape strin,:or sections were furiiished 



3 



"by the (Xirt iss-¥right Corporation through the co-.;.rtcs7 of Mr. 
E. S. Jenkins. The spot-welding and the X-ray examination of 
v/olds were done at the Welding Laboratory at the Hensselaer 
Polytechnic Institute under the direction of Doctor \'\ P. Hesn, 
Tonsile and pack compression tests on coupons rerren-^ntativc 
of the sheet material were conducted "by the Al^jjninum Company 
of Anorica throur;h the courtesy of Mr. R. I. Tempi in. 

!• T^]STS Oil SP0T-;;1:LDIID lap JOIli'TS III TSliSIOl" 
Material Used in Making Samples 

Tests liavo hcen run on soinples made from 2US-T alclad 
in three thicknesses: 0.025, 0.032, e^iid CO^'IO inch. Since 
primary interest is in the spot welds, the properties of the 
sheet material itself were ctudied only enough to insure that 
the shoot is representative of its class of material. Static 
tests v/ere run in the Alu.ninu.m Research LaTjoratorics throj.<^h 
the courtesy of Mr. R. L. Templin. (Soo appendix 1.) Tahle 
1 shovrs the results of moas-uroment c on test coupons from the 
particular sheets used in making the lap joint specimens. 
Gc?icral consl^isions are that the tensile strengths, the yield 
stren.^':ths, and the elon>c^i^ticnr, arc ocual to or greater than 
t^/pical values for SUS-T alclad .^Jid that the diffcrencos in 
tensile properties arc rruch as vxould bo normally expected 
for s.:veral lots of sheet. 



Spot-Welding Details, Construction of Samples, 

and Static Test Results 

The lap joint test pieces consisted of stri'os 9 ir:Ches 
long "by 5 inches wide, cut parallel to the direction of rolli-ig 
and joined by a lap joint vdth a 1-inch overlap* For each 
thiclciess, two weld spacings, inch and li inches, v;ere 

used. In both cases, the single line of spots was centered 
in the l--inch overlap section. Pig-ure 1 is a photograph of 
a t.^vToical sample. 

The spot-welding on all test pieces was done at the 
Rensselaer Polytechnic Institute. Table 2 smim:arizes their 
information on surface treatment and on spot-v/cldijig conditions 



for the shoot used to raako the lap joint (and that for tho ^i.n- 
strcsncd attachment) fati^o tost specimens. The larrt column 
of the talDlo gives their results for tests of the sto.tic shear 
strene:;th of single spot test coux^ons. 0?ho values compare 
reasonably v/ith those given "by Co riartrae-nn and 7J. SticMey 
nar-iely, 220, 3^5» -"-i^^^ •■^•3^ pounds per spot for the Oc025-, the 
C0O32-, and the O.O^a- inch sheet. (S-e rcforence li.) 

Static tests on samples of each class of the lap joint 
specimens v/ore made on a 20,CC0-pound Baldv.^in S ruthv^ark testing 
ma.chino, usin^ the same grips and loading technique as for the 
fatigue tests. The results of these tents are giveii in tahlc 
3. It is evident that the rupture load in poun-'.s -oer spot 
agroes with the values given loy the Eenssolaer Polytechnic 
Institute for tests on single spots. In genr-^ral, for the vide 
test spocimons, the failure strciigth in pounds per spot is 
smaller for the J^/k-inch spet-v/U-d spacing thvn for the 1:^ 
inch spacing. 

Measurements on v/eld size, shape, sp-icing, and penctra-- 
ticn have heen made for several samples of hoth nev and failed 
specimens and are recorded in detail in a later section of 
this report. The general results arc these: 

1* The greatest variation in i/old size and spacing vias 
found in the 0.03?-inch sheet. 

2. The greatest p^verago penetration vas in the 0,C'4C- 

inch sheet. 

3. The largest welds relative to sh'ot thiclcness wore 

in the 0.025-i"-ch sheet. 



Methods of fatigue To rating 

The details of the methods used in njinning the fatig-^ue 
tests are given in appendix II. As indicated thoroin, it is 
"bolioved that load values arc set and maintained to caoout ±15 
pounds or to 3 percent of the load, v^hichever is larger. 
Tests with electric strain gages cemented on opposite '.dges 
of samples indicate that load is the same on opposite edges 
within limits of U percent or hotter. 

The criterion of failure is a decrease in na:.imii3ri load 
of ahout ^-30 pounds. (Pwccent improvc.uv-nts in the cut-off 
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mechanism will allow this to he reduced to a drcr) in load of 
30 po^jnds, if desirahle, in future work,) Por most of the 
additional data reported here, the first appearance of visible 
cracks in the welds has been noted V a frequent visual in~ 
spection^ 

Eesults of Fatigue Tests 

Tables? l-!- to 9 give the rer:ults of the fatigue tests for 
the tv70 weld s::}acings and the three sheot thicknesses used 
for the lap-joint samples. In each case where it was observed 
with reasonable accuracy, the nuaber of cycles to first visible 
crackin:- is reported. In each case, "failure" correso^^nds to 
a drop in load of about i|30 pounds. Por each specimen, the 
general type of failure is recorded. Three types of failure 
occur: 

1. At high loads, failure is by shear of the srjot 

v;elds. 

2. At lower loads, a "pulling of but to:- s" a-.-oears. 

3. At lov^est loads, failure o.'.curs, ovring to the 

prcpaf;ation of a fatifrue crack fron: one weld 
to another and so across the v;idth of the 
sheet. 

These three t;>7jes of failure are illustrated in fif^res lA, 
IB, IC, and ID. 

Figures P. to 7 shov; load-life curves -clot tod froia the 
data given in tables k to 9. Each fi-j.ro shows three curves 
corresponding to the three ratios (o.^^R, O.5O, and cf 
minimum load to maximum load. In general, the curves have 
the sa.TiG shape, but it will be noted that, fnr t^e G.025~in-b 
sheet and for the O.C32~inch sheet with l^-ir.ch spacings, there 
is more "scatter" than for other curves. 



Discussion of Eesults of Fatigue Tests 

lig^ire^ S and 9 show load-life curves for e.evcral shnet 
thicknesses but for a constant stress ratio of O.?^. The 
fatigue strength apparently increases with sheot thickness. 
The inost noticeable feature is the "crossover" of the curves 
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for the 0.025-inch sheet and the O.O^S-inch sheet with the ih- 
inch v/eld spacing. It is 'oelievod that this is due to a vari- 
ation of weld size and penetration, and this prolDatility is 
discussed in sor.e detail in the follcv/ing section on E:caiEina- 
tion of Spot Welds. 

Figure 10 shov^n, in another way, the effect cf sheet 
thickness on strength. Stron^-th to failure is plotted against 
sheet thickness for (l) static failure, (2) fatigue failure 
for a life of 5f 000,000 cycles and for two different stre.^s 
ratios, a-nd (3) fatigue failure for one stress ratio and a 
life of 5C,00C cycles. That the logarithmic plot gives roughly 
straight lines of the same slope suggests that, approximately, 
the "r-'Orcent" increase in strength with increasing sheet thick- 
ness is the same for fatigue an for static failure. 

As will oc discussed later, thore were ricro ?.ccidental 
weld variation? in the 0.032-inch sheet than in the other 
two thiclmesses. Figure 10 show- that this effect of weld 
variaDility is apparently inore evident in the static tests 
and high stress fatigu-O tests thcin in the lov/ stresr. fatigue 
tests. 

Tigures 11 to I3 indicate the eff.'^ct of range in stres?.. 
In each f impure, the amplitude of stress variation (i.e., one- 
half the stress rarrgo from minimum, load to maximum load) is 
plotted against the mean load for constant life. According 
to J. 0. Smith (reference 3), the allovrevhle alternating !^>tress 
range should diminish lineaily v/ith increase in mean lo^d 
either for axial tension stresses or for shear stresses when 
stress raisers (as spot wolds) are present. A general ohser- 
vavtion from figures 11 to I3 is that the constant life lir.es 
are concave upv/ard. This curvature m.al^es it difficult to ex- 
trapola.te to completely reversed stress va-.lues "by extending 
a straight line from tho static ultimate value on the Eiean 
load axis through a set of points at constant life. Such 
lines, hov/ever, have heon dravni through points at the highest 
stress range used (corrcspondir.g to a stress ratio cf 0.2[;). 
Ta^hle 10 gives the extrapolated values for the Oo03?--inch 
sheet and ratios of these values to the static ultimate. For 
comrjarison, corresponding value.; and ra.tios from data taken 
at the Al^iminum Research Lrtoratories are given. (Sco refer- 
ence 2.) Ho gr:-at significance attends the com-oarison since 
the test conditions 5,re quite dissimilar. The Aluiainum Com- 
pany data are for sirigle spot savmples v/ith alt orra.tin^:-current 



Vv-elds te^.tod on a rotating TDoam machine v/ith com-oletely reversed 
stress values. Morcovor, the extrapolations uaied to Q-btain coin- 
para-blo values from Battclle data are telicvcd to be onrclialilc. 



Examination of Spot Welds 

ilctallographic cxa.iiination of sectioned spot welds indi- 
cated that the spots v.rcrc, in man-/ cason, elliptical and there 
was considerahle variation in veld -Dcnetration^. Figure li shows 
soctions along the Uo mijor a.::er, in t n^ical svoU made in 0.02^"- 
and 0.032-i-.ch sheet. 

As indicated in the figaro, it vas t:/jpical that the wold 
dimensions in the 0*C32-inch sheet showed norc varir.tion than 
in the 0.025-inch sheet. The weld dimensions in t'^o 0.032-inch 
sheet varied over a raa-o of al;out 10 -percent in penetration 
and over a much wider range in width and length. Some unwrldcd 
spots wore found. The spots spaced li incher> had, in general, 
somewhat greater weld penetration than the ones wit^. ^/k-ivc-^ 
spacing. 

Tariations in v/old dimensions arc reflected in fatit^ie 
results, as shown in table 11. This t-l)lc brings out relatiors 
between the avera^rc weld dimensions and the fatigue records of 
individual samples. 

The data indicate that the weld penetration is t'nc im-oor- 
tant variable at low loads whore fatigue crach's in the sheet 
provide the mechanism of failure. At higher loads whore the 
welds fail in sheer, the area of the weld at the faving surface 
IS the deciding strength factor. 

Figure g shows fatigue curves for the O.C32- nrd the 0.0'='^- 
inch shoot plotted on the sano figure for an H value of 0.2^. 
It will bo noted that the curves cross at high loads. Mctallo'— 
raphic examination of the wolds indicates that those in t>>e 
0.025-inch sheet with li-inch spacing are long with little -oonr- 
tration; while those in the 0.032-inch shoet wore somewhat ' 
shorter but penetrate deeper - the net result is that, at high 
fatigue loads or under static loads, the two have nearly the" 
same strength. (See table 3.) 

At loMcr fatigae loads (longer life), the of-^ect of the 
deeper wold penetration in the C. 032-inch F.hcct becomes evident, 



s 



and the welds in the O.C32-inch sheet have p. longer life than 
in the 0.025--inch shoet. 

I- hoth the 0.032- and the 0*025~iiich shoot, the fati^cie 
cracks start at the -orojoction of the internal alclad (see fig, 
15) into the v/old button and proceed fanliico directly out toward 
the external elclad. 



Co:;clusiors on Lap Joint Tost.?. 

!• Throe typos of failure vrero evident: shear of the 
ST:ot welds at high load.-j, "-oullin,^ "buttons" at lower loads, and 
propagation of fatigue crack's hctvccn the wolds at still lo\:or 
loads . 

2. For a given sheet thiclmess, tlio sam-olcs v/ith six 
s-cot v;clds 3/^ inch '^soc.vt ha.d les-i fati.£^.e strength in pounds 
per spot than had samples with four spot vrelds spaced 1-v inches 
caparto The six spot samples had higher strength in terms of 
total load. 

3. Tor a given v:old spacing, the fatigue strength as 
Vfoll as the static tensile strength increased \rith sheet 
thickness, (llote ono exception for 0.025- s.nd 0.C3^-inch 
shoot v.dth v/clds spaced 1-^ inches apart and at rol--^tivel7 high 
loads. This is "believed to he duo to a difference in vreld 
quality^ ) 

There is so.io evidence that increasing weld size or 
increasing vfold penetration increases fatigue strength espe- 
cially at low loads v/hore failure is occasioned hy prop-c^gation 
of a fatigue crack. At higl^.er loads where failure is 'by shear 
through the vjolds, increased weld penetration ap .ears to have 
loss strengthening effect. 

II. CCI-IPIESSIOII T3ST3 Oi; ZIUTWIID PAl^ELS 

Materials and Tost Pieces 

The stiffened oancls consisted of 2i|S-T alclad shoots ^ii 
inches v;ide spot-v/elded ^-ath tvro rov/s of spots to Curtiss-'vVright 
SS-112-3^ hat-shope strirgcr sections. The stringer sections 
v/ere made iroin 0*032'-inch alclad S^+S-T for all test pieces. 
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Pour thicknesses of panel vrcrc uaod: 0,025, O.O3P, O.OUO, ancl 
0»C51 inch. Tatlo 12 gives dcita on test ccu.ocns from the partic- 
ular shoots used in making those panels and indicates norraal ten- 
sile properties for the matcria^l. 

Two spot spacincs were tcst-d for each panel thicknosc. For 
one, the soot spacing was 3/^ inc^ except near the ends where the 
spots are located l/S, |;/S, and Itr inches from the ends. Tor the 
second t,\qpo, ^oot spacings wore 1^ inches except again near the 
ends where additional spots, spaced as descrihed atove, wore in- 
serted. Tahlc 13 siunmarizcs the welding conditions reported "by 
the Rensselaer Polytechnic Institute for these compression tost 
samp 1 e s . 

Fi:,:uro 16 illustrates the stringer section used. According 
to data furnished hy Curtir.s-Wririit , the controidal axis of this 
section is 0,305 inch from th-.^ bottom of the hat, the moment of 
inertia around the controidal axis is O.O3OI i-ch, and the area 
of the section is O.io? inch. The completed panel sections were 
all .approximately l^.gS inches long after squaring the ends. 
Pi^uTG 17 illustrates the complete test specin.en. 



Strtic Tests on Stiffened Panels 

Tahle lU sumiuarizes the results of static com-oression tests 
on the various tyr^es of panels. In tablo lU, the area A is the 
total area of stiffenor plus panel; v.^.ile the area A» is ^he area 
of the stiffenor plus an effective area for the panel, Eiis ef- 
fective area was comrmted "by using an effective width of paiiol 
from the form\ila 

U-/: = 3.Ut v^/f^ 

where 

total effective vddth 
t panel thickness, inches 

E modulus for 2US-T alclad (iC X 10^ Ih/sq in.) 
and 



f^ crippling stress for stiffenor alone (33,000 Ib/sq in.) 
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iTigureG 12 and 19 dhoy the strosG-deflcction dir.grams for the 
various ty^pos of pr^nol and tho stiff orxor soction. In thcGc fig-arcs, 
tho area used in erch cap.e for computing the stresses was tho total 
area A of stiff oner plus parol and not the effective area A'. The 
data in ta^blc lU and figures iG and 17 indicate that, £is far cis 
static strenr2;th in concerned, a "bettor strength-weight ratio is 
sccur''d througli the use of thinner panels. Tliis has "been pointed 
out previously- (See reference 4.) 

Several attairrpts v^cre niade to get a definite picture of the 
hucld-ing pattern .:^nd to cstiinrute tho nuLiher of huckling waves in 
each type of stiffened panel used. Tliere v/a.s evidence that (l) 
?t high loads near static failure, a different pattern occurred 
than at the lovrer loads cOiii^on in fvati^c^ie, ajid. this was inore 
evident for the larger weld spacing; (?.) the pp.ttern was affected 
in si^o (i.e., the nmnher of iDuckling v;avcs) hy ornol thiclmoss 
hut not hy spot s^-^acing. B-iO distances hctv^e^n sjaeessivo high 
spots (along a line through the center of the panel and directed 
lengthwise of the sheet) aver'V^'ed 4.0, 3*5t 4*5» ^'-^"-^^ 5*^ inches 
for samples v/ith opnel thicl-nessos of 0.02^, O.C32, 0.0^^-0, and 
0.051 inch, respectively^. She difficulty in a more accuro.te 
evaluation of the pattern vras partlv that tho s^jnolos v;ere ^!,o 
short that the influence of encl conditions (-/hich varied some- 
what) o"bscu.red details of the pattern. 

Methods of Making Fati^-ie Ter.-^s 

A description of the tc"-tin,;j machines and of the tochniq,ueg 
ciiK'loyed is given in appendix II. She precision of loading was 
ahout il[; pounds. Tlie criterion of failure v/as the breaking of 
any one weld to such an extent that tho panel v/as then co::rpletoly 
free from its stringer. Shis was usually sufficient to c^u.ise 
a drop in load of U30 pcjLids or mere. 

Results of Patig^ue Sests 

The fr'.tig^jLe data on the stiff :ncd pa.nols lorded in com- 
pression are s^ommarized in tahles l-} to 13. Shej:e ckita are 
plotted as load-life curve^. in fig^aros 2C and 21. 

Fig^.ire 22 shcv/s tho static strength to f.^ilure, the fati^rue 
strength at 1,000,000 cycles, the fatigue strength at ^0,^00 
cycles, and the ct^tic "buckling strength "-iT^ttod n'^:*':inf:t • anel 
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thickness. In this fi^e, the ntrcssos are computed hy usin^- 
the total area A of stiffener plus panel; the fatigue c'trcsscs arc 
the maximum stresses at a ratio of minimum to maximum stress of 
0.25o iTotc that, as previously mentioned, the static values 
indicate a hotter strength-v/eight ratio for thinner panels. The 
fatigue curves drav/n for a life of 1,000,000 cycles arc concfivQ 
upward and show, like the "buckling curve, increased strength for 
thicker panels. The fatigue curves dravm for a life of 50,000 
cycles suggest increased strength with increasing panel thick- 
ness only TO to a thiclaicss of O.O32 inch. Ag the stress ap-oroachos 
the crippling stress, the strength-thickness relation a-oproaches 
that for static failure. It is quite posoihle that a different 
"buckling pattern appears at high loads. 



Ervanination of Spot Welds on Stiffened Panels 

Spot wolds in the coiapressicn samples were similar in dimen- 
sion within rcasonahlG limits. However, each weld wa^ from 10 to 
25 percent longer along the axis parallel to the long dimension 
or height of the specimen than normal to this direction. Macro- 
graphs of the untested welds are shov/n in figure 23. As shown 
in figure 2U, weld variations are greater in'tho thinner gago 
material. " 

Failure takes place in these welds in throe types of crack- 
ing patterns, tv/o of v/hich are illustrated in figTires 25 and 2b. 
The other type failure takes place at the most highly stressed 
point which occurs as a rupture along the faying surface of the 
weld, presumahly in tension. 

IText to this "break, a crack pattern is formed which seems 
influenced by both "bending and fatigue. This appears at the 
internal alclad protrusion into the wold, follows the shell of 
the weld for a way, and then turns directly outv;ard to the ex*- 
ternal alclad. This sort of crack generally propagates itself 
m the thirjier of the two shoots (figs. 27-a and 25). 

Farthest away from the total breaks is the third t;y'^e of 
failure. This is illustrated in figure 26. Here a crack ar^TDcars, 
traveling into the center of the weld. The location of this^ 
crack is "betv/een the equiaxod and dendritic zones in the thicker 
sheet near the geometrical center of the joint. 

In thinner gages, fatigue cracks, similar to those found 
in tensile samples, were observed in the compression spociuens. 
(Sec fig. 2S.) 
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Sectioning normal and parallel to the direction of a-opli- 
cation of stress showed no fundamental differences in the phe- 
nomena olDsorved. Sometimes cracks appeared in one direction and 
sometimes in the other* Differences here could not "be investi- 
gated fully because of the impossil>ility of sectioning the same 
spot tv70 v/ays . 

Pig-ure 29 shows the formation of fatig^uc cracks at the 
alclad protrusion of a wold v/hich was quite a distance from the 
zone of ccnrplote fail-'ure. This wold is cracking along the 
hrittle cutectic line at the perimeter of the spot weld. 



Conclusions from Tests on Stiffened Panels 

1. Several crack patterns were found in velds of failed 
specimens. The vr\riation seems to depend upon the position of 
the weld exGjnined with reference to the location of failure. 
Examination of the welds suggests that "both tension and shear 
stresses v;ere present in the v;olds. 

2o The static crippling stress values decrease with in- 
creasing panel thickness and are lower for li-inch weld spacing 
than for 3/U-inch spacing. The stress at which Touclxling hcgins, 
however, increases paiiel thickness. 

3. As if influenced largely hy the huckling stresses, the 
fatigue stress corresponding to a life of 1,000,000 cycles in- 
creases v/ith increasing panel thickness. For fatig-ue failure 
at a life of 50,000 cycles, the dependence on thiclaiess seems 
to "be hetween that for longer life and that for static failure. 

III. TSSTS Oil TE^TSIOIT S.y^PLES WITH IL>TST2ESSE]3 ATTACH!«ITS 

Materials, Test Pieces, ^nd Static Tests 

Unstressed attachment-t^rpo tension fatig^jie test samples 
were made from 2US-T alclad in throe thicknesses: 0.025, O.O32, 
and O.OUO inch. Tahle 19 gives data on test coupons from the 
partic^xL.ar sheets used in making these tost pieces and indicates 
the normal properties of the sheet. 

The samples originally consisted of pieces I7 inches long 
"by 5 inches wide, each having a 1-inch strip of the same thicknes 
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sheet* fastened iDy a single row of spot welds across a center 
line in a direction perpendicular to tlio axis of loadingo Two 
spot-weld s:ioacings, 3/U inch and li inches, wore us.;d for each 
thickness. Since early tests indicated that the unstressod at- 
tachmont did not weaken the sheet so much as did the holes 
drilled in either end for fastening in the grips, the center 
section had to be reduced. Figaro 30 shov7"> the final form of 
test piece adoiited. Hotc that the z eduction in section deleted 
two of the original spot wolds, so that four welds were left for 
the 3/U-inch spacing, and 2 wolds for the l^-inch spacing. 

The spot-v/elding conditions ?.nd tests on single s-oot sam-oles 
made at the Rensselaer Polytechnic Institute are given"^ in tahle 2. 

Static tension tests were made on a 20,000-oound Baldwin 
Southward testing machine. The speed of testing was 0.01 inch 
per minute v/ithin the range of the recorder and OcOb i-^ch -oer 
minute (heyond yield point) to failure. Stress-strain curves 
were taken for each type of sample hut show no effect of the 
attachment piece except for the low yield stress. Tra)le 20 
shows the results cf these static tests. In each case, static 
failure v:as hy a "break across the line of wolds* 



Fatigue Tests on Samples with Unstressed Attachm.ents 

The fatigue tests were ran, using the same technicLue as 
for the lap joint samples. There was no question as to a crite- 
rion of failure since, in virtually every case, failure was a 
complete break and the load dropped to zero, so that the r^to- 
matic cut-off stopped machine and counter. 

Early runs were made on samples with a l-^- inch- radius fillet. 
Since several failures occurred in the fillet or so near it as to 
he influenced by its stress conccntr? tion, the r-dius v/as in- 
creased to 3 inches, which is nearly as large as is reasonable 
for the size of the original strip and for the size end needed 
for the grips used. 



*3y an error, some of the 0,025-in. Sc-jnplcs had stri'os of 0.03-?^ 
in. sheet attached. Such s^jnples are noted in the tables of 
results. Tliere is no evidence tliat this affected the fatigue 
results. 
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Tr."bles 21, 22, and 23 give the results of the fn.tigae tocts 
v/hich were all run at a ratio of minimuin stress to maximu^n stress 
of C.25. ?iguj:es 3I and 32 show the load-life curves plotted 
from the'^o data. In these figures, it will he noted that, at 
hi^h loads gi'^ing lifetimes less than 100,000 cycles, the samples 
"broke along or near to the line of welds. At lower loads and 
longer lifetimes, the sajnples usually failed in the fillet region. 
Apparentl3^ for low loa^ds, the stress concentration due to the 
weids v/as less than that caused "by the fillet. It should he 
noted that, as indicated in the following section, some of the 
sarfiples failing in the fillet region has incipient fatigue cracks 
along the welds. 

Figure 33 compares the strenrth- thickness relations for (l) 
static failure, (2) fatigue failure at 10,000 c?/cles (failures 
through the spot welds), a-d (3) fatigue failure at 300,000 cycles 
(fairare in the fillet region). Little influence of weld spacing 
is apparent except that, for failures at 10^000 cycles, the samnle 
v/ith four V7clds (3/^in. spacing) scorn stronger than those v/ith 
tv/o welds (ir-in. spacing). 



Metallographic Sxamin^tion "of Spot VJelds 

in Unstressed Attachments 

The variation of penetration ?jid size of spot welds in the 
unstressed attachments is shown in figure 3^, Tiie v/elds in this 
group have the same dimensions as the others investigated for the 
tension and compression saniples. 

Fatigue cracks are started in the unstressed attachments at 
the scaiiie pLace as in all the other t;^rpes of sam-»:les (i.e., the 
protrusion of the alclad into the v/eld). Instead of proceeding 
through the dendritic region, however, as in the lap-jointed 
samples, the cracks follow the perimeter of the spot v;eld (see 
figs- 3Ua md 35) or, if. the alclad protrusion is excessive (see 
fig. 3Uh), even "bend hack into this zone. 

Fatigue nuclei appear in the unstressed attachments, oven 
in the srjnples in which failure occurred outside of the v/clds. 
In fig-ure 36a, the formation of a small crack is shown in a 
sample which failed outside the wold zone. Failure took :olace 
in the stressed sheet rather than in the unstressed attachments. 
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Conclusions 

1. In static and in high stress fati^ae tests, failure 
always occurs along the line of welds in preference to failure 
in the radius fillet joining the ends of the test pieces 
with the center test section. This indico-tes that, under these 
loading conditions, the stress concentration produced "by the 
spots is higher than that produced ty the fillet. 

2. In low stresr. (long life) fatijuc tests, failure always 
occurs in the fillet in preference to the line of spot welds o 
This indicates that, under low loads, the stress concentratio'n 
imposed "by the fillet is hi.-^'hor then thr.t -'-^reduced "by the welds. 

3w In viev; of the results aoove, it appears that spot 
welds in scat sheets do not seriously weaken the naterial on 
which they arc fcrnied, so far i'-s fatigue strength is concerned. 

IV. COIQZLATIO:^ OF FATIGUE PROFERTIlilS ^vITH '.IITAI.LURGICAL 
STRUCTUIS JlTD GECI-iEnTf 0? SPOT >.^rs 



On the three types of samples investigated, lap joints, 
stiffened panels, and ^anntross:^d altachmcnts, it v/as olDservod 
that tl:e fatigue cracl:s propagated themselves through different 
structural regions in the spot weld 'onder the various stressing 
conditions present in. each type ox specimen. 

The inception of fatigue failure occurs in most cases at 
the projection of the internal alclad into the wold slug, A 
nucleus forms here. This orotrusion is a mechanicrl notch 
surroijjided by a material of lo^r strength (23 cladding - tensile 
strength 13,000 Ib/sq. in,)^ Furthermore, the notch effect nay 
"be intensified "by oiping, *by o'cide accumulation, or by forcing 
the shoots apart "by blovm metal ("spitting"). Ar, all those 
effects can, and mostly do, occur at the alclad i:)rotrusion, in- 
ception of fail^ure is us^ually located at this point. 

Factors opposing failure at the alclad junction in the 
V7cld are severe scratches on the alclad outside of the weld, 
"but in a highly stressed region, coupled with tight "bonding of 
the cladding on the faying surfaces just outside of the vrold in 
the corona region (mechanically "bonded ring around weld slug). 
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To sec^oTG a "bend sufficiently tight to prevent ro-pturin^' in 
fatig^jLO, the pressure v/hich must "be used is usually enoup'h to 
indent severely the outside surface of the spot. This v/ill cause 
failure in a line from the notch caused "by the electrode indenta.- 
tion to a scratch in the alclad in the plane of the weld interface. 
This type of failure is rare with modern welding prcactice, as 
severe indentation is avoided. 

Tl-.e fatigue crac':, once started, may prop•^gate in a nnr.'ber 
of directions, depending on the nature and the extent of the 
stresses applied. Cracking can, therefore, ta3re place in the 
equiaxed-^jrained center area, the surrounding dendritic region, 
or the heat-treated area around the once- mo It en ^'/cld slug. 

Under heav:/ s'lear fatijjue loads, failure takes place within 
the c qui axed- grained center area along Vr e irtcrfacc of the wold, 
hut, for lighter loads, the crack travels normal to this direction 
through the dendritic region to the outer alclad. There is some 
evidence (sen lap joint tests) that a greater amount of dendritic 
structure, as fo-und in spot v/elds with much penetration, improves 
fatigiio resistance. The dendritic region^ containing the most 
ductile metal in the slug, is apparently more resistant to crack 
propagation than the surroanding v/ro-aght dural structure. 

Under tension fatigue, as ohscrvcd ir. the unstressed at- 
tachments, the cra.cks follow the edge of the v/eld until the dis- 
tance "between the outer surface and the crack is vcr^r short .'ind 
the crack "breaks through. Tlie region at the shell of the weld 
is g,uito "brittle as inci;oient melting of the ma.torial next to 
the wold pool, solid solution molting along grrin "boundaries, 
a.nd intrusion of a ccpper-rich cutectic from the v/eld pool has 
t??>:en place in this rarea. 

Spot v/elds in 2^S--T alclad are not ver^ strong in tension, 
as the ratio of static tension to shear is only 0,29. (See 
rexeronce 5.) This ratio, v/hich is given as a measure of duc-^ 
tilicy in spot v/olds, is low for ?.US-T alclc.d "because 01 the 
"brittle zone surrounding the weld, v/hich has also "boon shown 
su"bject to crack propagation in tonti^n fatigue. (Seo ur.stresscd 
attachment section. ) 

In genoi"'al, it can "be said that v/elds with t/.e greatest 
"oenotr^.tions, amo'ont of d'.ndritic structure, and diameter pes- 
si'ble, will prove strongest under d^/npmic loading. It has "boon 
found that static shear strength increases vdth increased 
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dir.ineter but decreases v/ith increased penetration. (Sre ref- 
erence 4.) 

Sliear strength = ^r^^22_^iiS£i£iL 

^ , . 0.66 

pcnotr- tion 



Eio penetration effect, however, seems more important 
in fatigue than it is for static shear strenf;th, as creator 
penetration appears to lengthen spot-wold life under dynaciic 
loadine;. 



B'lttolle Memorial Institute, 

Colurn'bus, Ohio, March 1, I9U3. 



APPEHDIX I 

TESTS 0? iiCLiD zhS-H SI^EST 
SUBMITTED BY 3ATTSLLE M3M0HIAL liTSTITUE* 
(MCA SPOT-iaLD FATIGUE lilVZSTIGATI F) 
By C. R. Buckles 



Introduction 

As part of the spot-v-eld fatigue investigation for tho 
Nptional Advisoin/ Coarnittoe for Aeronautics, the Battelle Memo- 
rial Institute is determining the fati^o strength of some nT)ot- 
welded structural specim.Gns of alclad 2^3-1 short. In nccord-rce 
with or. acrecment by the Aluminum Coapan^^ of America to rssi^t 
in tne material control tests of the items used in the "ore-oara- 
tion of fatigue specimens tc-^tod recently, Dr. H. V/. Eunsell 
submitted test couoons from the sheet used. 

*This appondir is a report prepared by the Alunin-om Com-oanv of 
America on the properties of the sheet material used in't'^e 
invostig.'.tion. 
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The object of these tests v.-as to determine the tensile c-:id 
compressive properties of the alclad 2hS^^ sheet used in the 
preparr.tion of spinn spot-welded structural specimens tested 
in fatigue at the Battclle Memorial Institute. 



Material 



Tlie naterial sutiitted consisted of duplicrto test coupons 
1 inch "b?/ S inches in size cut longitudinally fron each of 55 
pieces of sliect, as follov^s: 



Identification syiTilDol 

37col4.5-12-A to -C 
-ll-A to -R 
-eW. to -JI 

-y-A to -0 

Jl -10~A to -S 



Sheet 
thiclciess 
(in.) 



o.oUo 
.032 

,025 

.025 



Procedure 

Tensile test rjpecimens were nachined from one of each pair 
of the test coupons sulDnitted and v;cre tested, using the 1000- 
ard 2000-pound ran^-es of an Amsler 20,C00-pound capacit:/ univer- 
sal testing machine (type 10 SZBDA) . In each of the five groups, 
a tensile stress-strain tost was rcrAe on at least one specimei:, 
using the KuggenlDerger tensoLieters vrith a 0.5-inch gage length. 
The yield strengths of t.he remaining tensile specimens were 
determined, using a Tomplin autographic cxtensometor. (See 
reference 6«) In all tests, the yield strenrjth was determined 
at 0.2 percent offset. 
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A comprcssivG stress-strain test was made on one s^^ecimen 
from each of the five groups^ using the test coupon correspond- 
ing to the one on which a tensile strcss-stra.in test had iDoen 
made. Each compressive test v/as made in the Montgonerryr-Templin 
single-thickness fixture for testing sheet. (Sec reference 7*) 
The tests were made, using the 5000-pound range of a 505 000- 
pound capacity Southwark-Tate-Emery universal testing machine 
(scr. nOo 50^TE-l62), and strains were measured with Huggen- 
"berger tensometcrs (2000X) with 0.5-inch gage length. The yield 
strength v/as detcrrainod at 0*2 percent offset. 



Discussion 

Hie results of the individual tensile and compressive 
tests arc found in ta"bles, figures, and data. Stress-strain 
curves in tension and comprossion for one s?nple from each of 
the five groups of sheet are shown in fig'urcs 1 to 3- ^I'^o 
tensile and compressive stross-^strain curvCvS for corresponding 
sa:.iples wore grouped together to sh.ow direct cor-Toarisons, and 
each figaire contains the curven for one thickness of shoot. 

The results of the tensile tests are summarized in tahle 
I. This tahle shov/s the m.aximun, average, and minimum values 
obtained for each of the five groups tested and also the n^jmher 
of tests in each grcuj). All the material was found to meet 
the req.uirem.cnts of Federal Specification ITo. Q,Q-A-3d2 as far 
as tensile properties care concerned. In fact, all the tensile 
stren/;^ths and yield strengths exceeded the published typical 
values for Alcoa alclad 2US-T sheet, md the average values for 
each group were at least equal to the published typical values 
for Alcoa alclad 2US-i:T dhcet. (See reference S.) Tlio elonga- 
tions generally were equal to the published t:,TjicpJ value for 
Alcoa alclad 2US-T sheet rjid considerahly above the typical 
values for Alcoa alclad 2US-ET sheet. 

The results of the tensile and the compressive ntress--strair 
tests are summarized in table II. As shown in this table, the 
ratio of the compressive yield strength to the tensile yield 
strength of the saiMples tested raiiged from a maximijun of 0.39 to 
a minimum of 0»o2, the average being O.S5» This average value 
is about k percent higher than the value of 0»S2 published in 
ANC-5. (See reference 9.) 
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Conclusions 

!?roo the tcstn which hp.ve beon m^:.dG on lon^'itudinil 
cpocimcns from the sanplos of alclad P.US-T shoot submitted 
"by the Battollo Memorial Institute, the follov/ing conclusions 
soom warrant cd*. 

1. The tensile strengths rnd the yield strengths of 
each sample exceeded the typic^.l values for Alcoa alclad 2US-T 
sheet. The elongations v^ere about oq.ual to the typical values. 

2c The differences in the tensile properties of Ocach 
{.;roup of saiirples tested were diff oroncca which normally would 
"be expected raong several lots of alclad 2US-T shoot. 

3. The average ratio of compressive yield strength to 
tensile yield strength was '^:pproximatcly C.S5« 



December 2^+, 13^'^^ 



TABLE I 

RESULTS OF l^SILE TESTS OF ALCLAD 24S-T SHEET 
FOR BATTELLE MSMORIAL INSTITUTE 

(p. T* No. 110942-E) 



Specimens 
Marked 


Nominal 
Thickne ss , 
in • 


Number 
of 
Tests 




Tensile 
Strength, 
psi 


Yield Strength 
(0ffset=0.2?5), 
psi 


Elongation 
in 2 in. , 
per cent 


376645-12^ 


0.040 


3 


Maximum 


68 900 


53 900 


17.0 








Average 


67 830 


52 570 


16.8 








Minimum 


67 000 


51 300 


16.5 


376645-llHN 


0.032 


18 


Max imum 


68 400 


51 900 


20.0 








Average 


67 170 


50 750 


18.4 








Minimum 


65 500 


49 700 


16.0 


376645-8^/V 


0.032 


14 


Maximum 


68 500 


51 800 


20.5 








Average 


66 640 


50 090 


18.9 








Minimum 


64 500 


47 400 


16.0 


376645-7-W 


0.025 


15 


Maximum 


68 200 


55 100 


19.0 








Average 


67 550 


52 810 


17.5 








Minimum 


65 900 


49 000 


16.0 


376645-10-W 


0.025 


5 


Maximum 


67 400 


53 100 


18.0 








Average 


66 840 


51 620 


17.6 








Minimum 


65 300 


50 000 


17.0 



indicates specimens cut with-grain. 
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TABLE II 

RESULTS OF TENSIIE jftND COMPRESSIVE STRESS-STRAIN TESTS 
OF ALCLAD 24S-T SHEET FOR BATTELUE MEMORIAL INSTITUTE 

(P. T. No. 110942-E) 



Specimens 
wlarlceu 


Nominal 
Thickness , 
in. 


Tensi le 
QT/rengun , 
psi 


Tensile 
Yield Strength 

psi 


Elongation 

in ? i r\ a . 

per cent 


Compressive 
Yield Strength 
( Of f set =0.2^) ^ 
psi 


Ratio 
CYS(W) 


376645-12^-B 


0*040 


67 000 


52 500 


17.0 


44 900 


0.86 


376646-11-^-B 


0,032 


66 900 


51 500 


16.0 


42 000 


0.82 


376G45-8^N-A 


0.032 


65 800 


47 900 


19.0 


42 600 


0.89 


376645-7-\'^-B 


0,025 


68 000 


54 200 


16.5 


45 700 


0.84 


376645-lO-V^-A 


0.025 


65 300 


51 400 


17.5 


44 000 


0.86 


Average 












0.854 



z 
> 
o 
> 
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ALUMINllM COMPAI^Y OF AMERICA 
Aluminum Research Laboratories 
New Kensington, Pa. 

' Physical Test No. - 110942-E Alloy fr Temper- Alclai 2 4S-T Form- Sheet 

Chemical Test No. - Nominal Size- .040 in. 



Order No. - Prob. 129 ( J. 0, 9-6682-A) Actual Size - As noted 



Received from- Battelle Memorial Institute Date 11-9-42 



Tension Test Data 



Specimen 
Marked 


Dimensions 
Inches 


Tensile 


Strength 


Yield Strength 


Elongation 


Lb. 


PSI 


(orfset=o.27o; 

Lb. PSI 


m 


2 in. 


In. 


% 


37B645- 


.0385X.502 


1330 


68900 


990 


51300 


0,34 


17.0 


12-W-A 


(.0193) 
















•0392X.602 


1320 


67000 




52600 


0.34 


17.0 


B 


(.0197) 
















.0407X.502 


1380 


67600 


1100 


53900 


0.33 


16.5 


C 


(.0204) 














Average 






67830 




52570 




16.8 



Specimens cut with grain. Tested by C.K.W.-C. R. 3. D ate 11-24-42 

Ref: Memorandum by G.W.S., 

November 7, 1942 Checked by J.B. Date 12-19-42 



Approved by R.L.Templin Date 12-28-42 



24 ALUMINUM COMPANY OF AMERICA NACA 

Aluminum Research Laboratories 
New Kensington, Pa. 

Physical Test No.- 11Q942-E Alloy k Temper-Alclad 24S-T Form-Sheet 



Chemical Test No. 



Nominal Size .032 in. 



Order No." Prob . 129( J.0« 9-6682-A) Actual Size As noted. 



Received from* Battelle Memorial Institute 



Date 



11-9-42 



Tension Test Data 



Specimen 
Marked 



376645- 

11-W-A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N. 

0 

P 

Q 
R 

Averag,e 



Dimensions 
Inches 



.0303X.502 

(.0152) 
.0313X.502 

(.0157) 
.0309X.502 

(.0155) 
.0312x503 

(.0157) 
.0313X.502 

(.0157) 
.0305X.502 

(.0153) 
.0307X.503 
.(.0154) 
.0314X.503 

(.0158) 
.0305X.503 

(.0153) 
.0310X.503 

(.0146) 
.0306X.503 

(.0154) 
•0305X.503 

(.0153) 
.0315X.603 

(.0158) 
.0311X.503 

(.0156) 
.0304x503 

(.0153) 
.0308X.503 

(.0155) 
.0309X.503 

(.0155) 
.0326X.503 

(.0164) 



Tensile Strength 



Lb. 



1020 
1050 
1060 
1060 
1060 
1040 
1045 
1055 
1005 
1050 
1045 
1030 
1055 
1045 
1030 
1045 
1035 
1075 



PSI. 



67100 

66900 

68400 

67500 

67500 

68000 

67900 

66800 

65700 

67300 

67900 

67300 

66800 

67000 

67300 

67400 

66800 

65500 
67170 



Yield Strength 
(0ffset'=Q.2^) 



Lb. 



755 

805 
800 
780 
770 
785 
785 
7 65 
800 
795 
770 
795 
795 
775 
805 
795 
825 



PSI. 



49700 

51500 

51900 

51000 

49700 

50300 

51000 

49700 

50000 

51300 

51600 

50300 

50300 

51000 

50700 

51900 

51300 

50300 
50750 



Elongation 
in 2 in. 



In. 



0.40 
0.32 
0.34 
0.37 
0.38 
0»38 
0.36 
0.38 
0.34 
0.40 
0.36 
0.36 
0.38 
0.38 
0.36 
0.36 
0.38 
0.36 



20.0 

16.0 

17.0 

18.5 

19.0 

19.0 

18.0 

19.0 

17.0 

20.0 

18.0 

18.0 

19.0 

19.0 

18.0 

18.0 

19.0 

18.0 
18.4 



I 



Specimens cut with grain. 



Approved bv R. L. Temi 
Date D e(j.20,l! 



)lin 



Tested by C 
Checked by 



.K.W.-C.R.B. Date 



J.B. 



Date 



11-24- 
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ALUMINUI^ COMPANY OF AMERICA 
Aluminum Research Laboratories 
New Kensington, Fa, 

Physical Test No. 110942-E Alloy & Temper- Alclad 24S-T Form-Sheet 

Chemical Test No. Nominal Size .052 in. 

Order No. Prob . 129( J, 0. 9-6682-a) Actual Size As noted 

Received from Sattelle Memorial Institute Date 11-9-42 



Tension Test Data 



Specimen 


Dimensions 


Tensile 


Strength 


Yield 


Strength 


"Elongation 


Marked 


Inches 


Lb. 


FSI. 


(0ffset=C.2^) 


in 2 in. 










Lb. 


PSI. 


In. 


% 


37664S 


.0314X.503 














8-W-A 


( 01 sa) 

\ . X <J (J J 

,0311x.503 


1 04.0 


dDouu 





47900 


0.38 


19.0* 


B 


( OlSfi^i 

\ • ^ ± \J \J J 

.0322x^503 


xUOO 


ODoUU 


800 


51300 


0.38 


19.0 


n 


( m fi? ^ 

^ . DC J 

.0328X.503 


luoo 


DO f UU 


800 


49400 


0.36 


18.0 


D 


(.0165) 
.030yx.503 


1106 


67000 


855 


51800 


0.36 


19.0 


E 


(.0165) 
.031X.504 


1000 


64500 


735 


47400 


0.41 


20.5 


F 


(.0158) 
.0306X.504 


1050 


65500 


800 


50600 


0.36 


18.0 


G 


(.0154) 
.0301X.504 


1030 


66900 


790 


51300 


C.38 


19.0 


H 


(.0162) 
•0312x504 


1010 


66400 


730 


48000 


0.38 


19.0 


I 


(.0157) 
.0306X.604 


1060 


67500 


775 


49400 


0.37 


18.5 


J 


(.0154) 
.0312X.504 


1025 


66600 


790 


51300 


0.32 


16.0 


K 


(.0157) 
.0301X.504 


1060 


67500 


805 


51300 


0.40 


20.0 


L 


(.0152) 
.0398X.504 


1010 


66400 


750 


49300 


0.38 


19.0 


M 


(.0150) 
.0306X.504 


1010 


67300 


765 


61000 


0.38 


19.0 


N 


(.0154) 


1055 


68500 


790 


51300 


0.40 


20.0 


Average 






66640 




50090 




18.9 



Specimens cut with grain. Tested by C.K.Vy. -C.R.B. Date 11-24-42 

♦Broke through Huggenberger 

tensometer marks. Checked by J. 3. Date 12-19-42 



Approved by R . L. Tempi in Date Dec. 28^42 
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Tensile Test Data 



Specimen 
Marked 


Dimensions 
Inches 


Tens i 1 e 


Strength 


Yield Strength 
(Offset=0,2>S) 


Elongation 
in 2 in. 


T "k 




Lb. 


PSI, 


In, 




376645- 


.0266x,504 














7--W-A 


(.0134) 


883 


659000 


657 


49000 


0. 34 


17.0 




.0253X.506 














B 


(.0128) 


871 


68000 




54200 


0,33 


16, 5 




,0252x,504 














C 


(.0127) 


855 


67300 


653 


51400 


0,36 


18 ,0 




.0253X.504 














D 


(,0128) 


850 


66400 


698 


54500 


0,32 


16.0 




,0245x,504 
















, \Ji CO J 


ft "^"^ 




645 


52400 


0. 35 


17.5 




.0255X.504 














F 


(.0129) 


872 


67600 


670 


51900 


0.36 


18.0 




,0253x.504 














G 


(.0128) 


873 


68200 


705 


55100 




lo. U 




.0262X.504 














H 


(.0132) 


88 6 


67100 


700 


53000 


0.32 


16.0 




.0252x,505 














I 


(,0127) 


864 


68 000 


655 


51600 


0.36 


18.0 




.0253x,505 














J 


(.0128) 


866 


67700 


663 


51800 


0,36 


18.0 




.0251X.605 














K 


(,0127) 


861 


67800 


660 


52000 


0,36 


18.0 




.0251x,505 














L 


(.0127) 


864 


68000 


699 


54300 


0,33 


16.5 




.0248x,505 














M 


(.0125) 


849 


67900 


658 


52600 


0,38 


19.0 




.0247x,505 














N 


(.0125) 


847 


67800 


675 


54000 


0.36 


18.0 




.0255X.505 














0 


(.0129) 


875 


67800 


700 


54300 


0,35 


17.5 


Average 






67550 




52810 




17.5 


Specimens 


cut with jrain. 


Tested by C,K:,W,-C,R,B, Date 


11-24 


-42 


Checked by 


J.B. 


Date 


12-19 


-42 



Approved by R.L, Templin Date 12-28-42 
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ALUMINUM CORIPMy OF AMERICA 
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New Kensington, Pa. 

Physical Test No-- 110942-E Alloy ^ Temper- Alclad 24$-T Form- Sheet 

Chemical Test No. Nominal Size .025 in. 



Order No. Prob. 129 (J.Q. 9-6682-A) Actual Size As noted 



Received from Battelle Memorial Institute Date 11-9-42 



Tension Test Data 



Specimen 
Marked 


Dimensions 
Inches 


Tensile 


Strength 


Yield 


Strength 
t=0.2?J) 


Elongation 
in 2 in. 


Lb. 


PSI. 


(Offse 


Lb, 


FSI. 


In. 


'/o 


376645- 


.0256X.503 














lO-W-A 


(.0129) 


843 


65300 




51400 


U • oO 


i / . 0 




.0246X.503 














B 


(.0124) 


830 


66900 


648 


52300 


0.35 


17.5 




.0255X.502 














C 


(.0128) 


862 


67300 


640 


50000 


0.36 


18.0 




.0234X.503 














D 


(.0118) 


794 


67300 


605 


51300 


0.36 


18,0 




.0256X.503 














E 


(.0129) 


869 


67400 


685 


53100 


0.34 


17.0 


Average 






66840 




51620 




17.6 



Specimens cut with grain. Tested by C. T. VV.-C. R.B . Date 11-24-42 



Checked by J. E. Date 12-19-42 



Approved by R.L. Templin Date 



12-28-42 
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ALUMINUM COMPANY OF AMERICA 
Aluminum Research Laboratories 
New Kensington, Pa. 



Physical Test No.- 110942-E 
Chemical Test No.- 



Alloy & Temper- Alclad 24S-T Form- Sheet 
Nominal Size- .040 in, .052 in, & .025 in. 



Order No.- Frob. 129 (J.O. 9-6682-A) Actual Size- As noted 
Received from- Battelle Memorial Institute Date 11-9-42 

Kind of data; Compression Test: 



Specimen 
Marked 



376645- 
12-W-B 

376645- 
11-W-B 

376645- 
8-W-A 

376645- 
7-W-B 

376645- 
10-V/-A 



Nominal 
Thickness 
in. 



.040 



.032 



.032 



.025 



.025 



Dimensions 
of Spec, 
in. 



,0390x.626 
(.0244) 

.0312x,626 
(.0195) 

.0316X.625 
(.0198) 

.0253X.626 
(.0158) 

.0251X.625 
(.0157) 



Length 
of Spec, 



in. 



2.630 
2.630 
2.630 
2.630 
2.630 



No. of 

Pieces 
in Spec. 



Yield Strength 

(Set=^0.2^) 
psi 



44900 
42000 
42600 
45700 
44000 



Specimens cut with grain. 



Tested by C.K.W.-C.R.B. Date 12-3-42 
Checked by J.B> Date 12-19-42 



Approved by L.Templin Date 12-28-42 
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APPSIJDIX II 



IPEAIUITUS, CALIBRATION, AlID TEST K5TH0DS 
Doscription of tho Fatigue Tostinf^- Machino 

The tests reported hero have "been run on a Krouso fati^nic 
tOBtin^^ mr.chine of 10,000 pounds naxinra load Cc^jpacity. The 
nachine can accominodatG indcpendentlv t;\ro speciir.ens at one time. 
A photograph of the machine (fig. 37) shov/s one sample loaded 
in tension .and indicates clearly the main features of loading. 

Tlic variable load is applied ty the loading lever A actu- 
ated t>y the cam C the eccentricity of which on the driving 
pulley B coji "be adjusted to any desired value. The mem*ber 
transmitting the force to the specimen is guided "by a par'^llel- 
ogram system of four steel plate fulcrams 'D vrhich produce 
straight-line motion and direct loading of the sample. The 
machine is of the constant deflection t;;,^e. The average value 
of the load can "be adjusted ty the loading screv: 

Tho static load value is o^btainod by measuring the "bending 
of a fixed length of the loading lever A by means of the dial 
gage on the "gage bar" The relation between dial readings 
(relative to a reading with zero load) and load values is given 
by a calibration curve. This calibration vras obtained (at the 
factory) by dead weights applied to the lower specimen holder 
for low loads and by a proving ring in -oln,co of the specimen 
for high loads. In practice, dial deflections are r.-.cordcd for 
maximum ?nd minintam loads as tho cam B is rotated slov/ly by 
hand and tho corresponding load values v;ill be termed herein- 
after the "static load values." 

The machine is eq^uipped v/ith two mechanical counters G so 
geared to the driving shaft as to record one count for each 
hundred cycles of applied stress. The counters have a common 
drive, but each ma^- be reset to zero to correspond to the start 
of a run upon its particular sample. A cut-cff H is designed 
to stop the motjr and, hence, also the comiters, v/hcn the load 
drops either by yielding or failure of the sainple. 

Important considerations in running any sample include 
(1) clamping the sample go as to insure axival loading, {?) 
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r,djusting ojid determining the vr2ucs of the lo-ds applied, and 
(3) determining the number of cycles to failure. The precau- 
tions that have "been taken in each of these three respects vjill 
nov7 he discussed in some detail* 



Clamping the Sample 

a) tension s-^JnT^los. - Sampl-.-^^s tested in tension wore held 
in grips as shovm in fig^ure 37* In preparation, the sample v;as 
marked for the centers of the three holt ho'es in each end hy a 
steel template. The holes v/cre then drilled hlj^h inch and the 
center hole at eacii end reamed to final size (3/U in.). The 
se-mple v/as then mounted in the grips, using only a center holt 
at each cnd» With a moderate applied load (rhout 100 Ih) or 
the sp>^nple, the remaining holes v;ore rcraed to size through the 
hardened sleeves in the grip holt holes. After these holes 
were cleaned out, the remaining holts were inserted. This pro- 
cedure vras designed to attain axial loading. 

t) Com-pression srm- plcs. - Figure 3o sho\>7S the ccmprcssion 

grips used for the samples dcscrihed later in this report. A 
is a platen to v/hich was clamped the 5- hy 5- inch surface ground 
steel plate B, Tlic small plates, C and ^, were used to prevent 
slipping of the end of the srvmple. I-i prrctico, plate C v:as 
kept fixed so tliat, v/hen the panel of the compression sa-m.ple 
was against C, the center of mass of the sample v/as on the axis 
of loading. Plate I) was tightened against the hat-shape stiff- 
ener of c^.ch sample 0 

Shims (visihlo at E in fig. 3S) were placed hv-tv;een A and 
B so that the face of B for the hottom compression plate v/as 
perpendicular to the loading axis. With a sample str^iding on 
the"^ hottom -olate, shims were adjusted for the upper grip so 
its surface B rested evenly upon the top of the sample. 

To avoid twisting the s-i^riple v;hile adjusting the load, 
a rod was inserted in the disk A and held manually during the 
adjustment. Later, a cl:^jnp, designed to he fastened on the 
supporting columnsj was constructed. This cLamp may he seen 
ahove the ^^pper compression grip in the photograph of fig^are 

37. 
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Measuring the Lor.d 

A method for neasuroment of loads while the machine is 
running, using electrical resistance-type strain gages, v:as 
dcvulopcdu 

The principle of the mersuring method is to apply ^an 
audio frequency current to a- Wheatstone typo "bridge one arm 
of which is an SR-k type A-l gage mounted either on the test 
specimen in v/hich it is desired to measure strains or on a 
"vreigh-bar^ in series v/ith the specii.ien. The periodic strain 
in the test piece or "vreigh-oar" varies the resistance of the 
gage. This variation in resistance modulatns the audio fro- 
q.uency signal being applied to the "bridge. The "bridge is 
"balanced "by means of a slide wire. A cathode r.^y oscillo- 
scope is used an a null-point indicator. 

Figure 39 is a wiring diagram, of the eq^uipiaont and 
figure kO is a photograph of the assembly showing the various 
parts in 'olace. In figaire 39> "the parts illustrated are as 
follows: 

The signal pourcoc - "A" in a ile^-^lett Packard Model 200 A 
audio oscillatoTo V.Qiile this oscillator can provide frequen- 
cies from 35 to 35>000 cycles, it is being used p.t a constant 
frequency of 75^ cycles. This frequency can bo convoniently 
filtered so as to eliminate 6C-cycle piclcup. 

"B" is a shielded isolating transformer with input and 
output impedance selected to match the oscillator and bridge, 
respectively. The trcansformer is a United Transformer Company 
type LSlUl transformer. 

"The Bridge. " - '"C" is a "du.nmy" type A-1 gage mounted 
on a strip of material similar to the "woigh-bar" or test 
piece on which is mciinted a similcar g'\ge "D." Those gages 
have an approximate resistance of 120 ohi.is -nd the "dumjny" 
gage is mounted as close to the measuring gage as possible 
in order to secure temperature compensation. These tv/o ele- 
ments form tv/o arms of the bridge. The other tv;o arms are 
mrde up of resistance elements E, P, G-, K, I, J, -nd K, v/hich 
are selected to malce roughly a 1:1 ratio v/ith the SE-U ele- 
ments. 
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Resistr.ncos S, F, -md R form a resistanco con'bir.'^.tio:': 
of aoproxin^.tGly 1^6 ohms. ilosistc?nces I, K, and the dcc:^clG 
"bo:: J form r. vr-ri'^.tlo resistance conitin'-^^tion which cr-n "be 
vnricd to suit the particular gages (G and D) "being used, so 
that when the slide wire G is set at zero, the "bridce is 
"balanced for zero strain on D. The slide v/ire G- is a Leeds 
& Korthrup Kolrausch type slide x^irc v/hich is divided into 
1000 divisions. The sensitivity of the birdge is such that 
one division on the slide wire corresponds to a rcsis:;t.ance 
c'nange of alDout 0,0009 ohm in gr.ge "D," This change in ^ 
resista.nce is equivalent approximp.tely to a strain of U X 10"" 
inches per inch. 

On account of stray capacitance, it is necessary to 
insert some capacity in one arm of the bridge in order to 
obtain a balance. This capacitance is shown at "T" in figure 
39 has a. range of UO to 1000 |a|JLf • T is shown in arm C; 
it can be inserted, however, in any other arm, as required, 
to 00 tain a balance. 

The detector and n'jLll~T:oir.t ind i cator, ~ The various 
parts of the detector circuit are "L," a high quality shielded 
tr.rpe SyAll Stancor isolating transformer which matches the 
impedance of the bridge to the amplifier M. This amplifier 
is a David Bogon Ccmpanj^ tr.rpe E1^4 amplifier having a variable 
gain from 0 to 125 db. Tlic ai.iplifiod signal is then passed 
through two filters, IT and P, designed to select the band 
from 5^0 to 1000 cycles, r^jii. the filtered wave is shown on 
the oscilloscope. 

IT is a G-oneral Radio type SJ^OBy 500-cycle high pass 
filter, and P is a G-eneral Radio type 930^' 1000-cyclc lovr 
pass filter. Q, is a Mfont t;^^pe l63 oscillograph. All loads 
connecting thn various proticns of the equipment are in 
shielded cables and the shields of all cables and tr.ansf ormers 
are grounded. 

Several tests were made v;ith the strain gage ^T" on the 
sample itself and the dumr::;y v^age "C" on a3i unstrained sample 
noarbyo It io time-consuming to use a nevr ga.^e vdth each 
s^xiple; moreover, a gage on the sam^olc is subject to error 
at high loads when the sr^aple is yielding. On the other hand, 
a v/eigh-bar in series v/ith the s'^jnple offers difficulties in 
mo^jntiiig of the sample. Hence, some member of the machine 
itself v;hich v/ould show appreciable strain proportional to 
the load v;as sought. 
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A convenient r.rrangcnent proved to "bo this: Ga^o "D" 
wr-s nounted on the plate fulcrum K (fig- 37), v/hile "C" was 
moujited at M« Thus, "C^ sorvod as temperature compensator 
to ^, and also, since M is in tension \-rhen K is ir. compression 
and vice versa, the arrangement offers reason-^. "ble sensitivity 
despite the relatively small strains in these plate fulcrnj.is. 
It should loe noted that the strain in gage "D"" caused l>y 
tending of K is largely compensated "by a strain of gage "C," 
ov;ing to concarrent bording of M. Except at extremely lov; 
loads (less than ^0 l"b), the readings of the slide wire in 
the "bridge circuit are linear v;ith corresponding values ox 
static load. Dynamic readings with this gage arrangement, 
moreover, give values agreeing v/ith those obtained by using 
a strain gage on the specimen itself. (The slight discrep- 
ancies at low loads can be elimin-.tod by an arr>angement 
wherein "E" consists of two strain gagos mounted upon oppo- 
site sides of plate K and wired in series, v/hilc "C'' is" a 
similar arrangem.ent upon plate M.) 

One reason for the reproducibility (usually better 
than 1 percent) of d:'namic load values obtained with the 
electric strain gages concerns the calibration method adopted. 
As an exaniple, suppose it is desired to obtain dynamic values 
for some particular loading. The cam is turned by hand, and 
readings of the dial g.age and of the slide v/ire are recorded 
for mpximum load, for minim^oia load, and for two or three 
loads in between these. This affords a calibration curve 
for the strain gage* ITow the Krouso gage bar is removed, 
the motor is startedy and dynamic values for m.aximum and 
minimum load arc read from the slide wire. The machine is 
now stopped and the calibration repeated. Thus, any shift 
in the strain gage calibration caused, for example, by lack 
of complete temperature corroensation, is noted. If such a 
shift is appreciable (v.^hich occurs only when the strain gage 
circuit has been turned on recently -nd has not reached 
equilibrium), the readings are all repeated. 

Many tests by the method de-.cribed above indicate that 
the "d;^^namic throw'^ (max. load minus min. load when the 
machine is running) is about 15 percent greater than the 
"static throv/" (difference between max. and min. loads vrhen 
the cam is slowly turned by hand). That this throw increase 
is due to inertia of the moving loading lever v/as confirmed 
by tests with a series of strain gages mounted alo.ng the top 
of the loading lever (at 'I, 0, P, etc., in fig. 37)^ The 



g?.{je H shovrod such a dynamic incrcaso, the one at 0 shoved 
littlo difference "between c^^.^nanic throw and static throvr, v-hile 
ga£;es at P, £, and R showed static throws ncre than dyna-nic 
throv.rs. Those ohservaticns are readily understood if, iDOcause 
of inertia, the "bending of the center line of the loading lever 
is along the lines sketched in figure ^lo In such a case, the 
strain at II would "be greater for static deflections. Th.e point 
0 is at the place v/here the strain is the sane for "both static 
and dj'nar.ic conditions- 

Al"^. the tests thrt have been tried indicate thr^t, with 
the calibration method used, strain gages on the plate ful- 
cruns K and M rre satisfactory* The graph plotted in figure 
k2 indic-ates that the d^nia-nic throw is directly proportional 
to the static throv/ for a v/ide r?.ngo in mean load and for 
spccinens vaiying widely in stiffness. The points shown on 
the graph were obtained for (l) a stiffened aluninuri panel 
(t;;rpo D) loaded in conprcssion, (2) a cast iron pipe about 
5 inches in diameter rnd 3/I0 inch in v;all thiclaicss loaded 
in coiroression, (3) a steel plate about 15 inches long and 
2.00 inches by 0^093 inch in cross section loaded in tension, 
and (v) a spot-v;elded O.O^l-C inch sheet of aluriinuj;i with wolds 
3/^- inch apart loaded in tension. It v/ill be noted that the 
experimental points fall upon a straight line with consist- 
ency. A simil'-^.r calibration curve was made for the right- 
hpjid side of the machine* It should bo noted> since it does 
not appear upon the graph, that the dynamic mean load had, 
within experimental error, the srjnc value as the st^-.tic 
mean load. 

In viev7 of the consistency of points for such plots, it 
seems justifiable to adopt a graph such as figure U2 as a 
calibration cu-rve. If the desired d;ynojnic throve is known, 
the corresponding static throw is obtained from the calibra- 
tion curve rnd the loading is done staticr.lly. 

Measuring the Number of Circles to failure 

The fatigue testi.ig machine v/as originally cq^uippcd 
with electrically operated counters. Dif f ic^alties with these 
resulted in having them replaced by the mechanical counters 
alroc.d:,'' mentioned. These Icitor counters are now operating 
satisfactorily. 
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Tho cut-off (v/hich stops tho inachino v/hcn a tost piece 
fails) consists of a nicrosv/itch operatod "by a. chan^-o in the 
deflection of the center of the loa,ding lever vdth a chanc2:c 
in the naxinum load. Hie motion availalile is only about 3^- 
thousandths of an inch for a change in naxiriun load of 100 
pounds. With the present arrangenentj the switch can "be nade 
to operate for a motion of O.OI5 inch corresponding to a 
change in load of U30 pounds. The consistency of this "crite- 
rion of failure" is, of course, "better than this in the sense 
that cut-off occurs at nearly the same (within ahout SO l"b) 
decrease in load for all sanplcsc 

Eie Routine Adopted for Fatig^ue T'jsts 

In order to trca,t all sanplcs consistcritly, a routine 
procedure of loadinc-^ and checking samples has "been established. 
Each sample is inspected for rough edges or visible flaws „ 
The pertinent dimensions of each sajnplc are recorded. From 
data obta.ined on previous tests, a load dosignod to give a 
dosir-d point on the S-IT curve is selected. If the d;]rnamic 
throw assigned is Imov/n, the static values at which tho 
m.achine should be set are computed by using the dynamic 
throw calibration graph (fig. k2) for the ^-.articular machine. 
By use of the calibration constant fujrnished v/ith the machine, 
the dial readings to which tho load is to be set are computed. 

Tho sample is then placed in the clamps, with the pre- 
cautions alread;;/' noted, and the loading screw and the cam 
eccentricity are adjusted until the desired dial readings 
(within 1/3 dial division - corresponding to about 10 lb) 
are obtained. ITow the machine is run for 1000 cycles, during 
which the mean load often decreases. The load is checked 
and, if necessary, restored to its original value. The machine 
is started and, after the cut-off adjustment has been checked, 
is left running <, 

All machines are chocked freq.uently. A chock includes 
a co^jr.tor reading, reading of ma;cimum and minimum load, a 
chec?- on the cut-off adjustment, and careful visual examina- 
tion of the sample. 
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TABLE 1, SUMMARY OF EESULTS OF TESTS ON SUS-T AlCLAJ) 
USED FOR LAP JOINT SA>IPLES* 



Thickness 
of Sheet 


Tensile Strength 
(psi) 


Tensile Yield 

Strength 
(Offset 0.2/^) 
(psi) 


El orientation 
[in 2 in,; 


Compressive 
Yield Strength 
(Offset O.2I) 
(psi) 


.025" 


Min. 65,900 
Max. 6g,200 
Ave. 67,590 


ks , 000 

5^,500 

52,glO 


16.0 
19.0 
17.5 


1+5,700** 


.032" 


Min. 6U,500 
Max. 6S,500 
Ave. 66,6UO 


U7,Uoo 

51,800 

50,090 


16.0 
20.0 

15f.9 


U2,600** 


.01^0" 


*** 67,830 


52,570 


16.5 


UU,900 



Tests were made at Alujiiimun CompaJiy Laboratories. A complete copy 
of their report is given in the Appendix. The values quoted ahove 
were selected from data on test coupons from the partic^jilar sheets 
used in making the lap joint samples. 



** Compressive Yield Strength is result for 1 sample. 

***No sample of the .0^0" sheet actually used for the lap joint speci- 
mens was measured; the values given are average values for .OUO" 
sheet used for compression sainples and for luistressed attachment 
samples. 
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TABLE 2. V/ELDHJG CONDITIONS ON SPOIWELD LAP JOINT AND UNSTRESSED ATTACmffiNT SAMPIES 



Type of 
Specimen 



Lap Joints 
0.040" 



Lap Joints 
emd Unstressed 
Attachments 
0.032" 

lap Joints 
and Unstressed 
Attachments 
0.025" 

Unstressed 
Attachments 
0.040" 



Peak 
Amperes 



(2) 

Secondary Current ^ ' 



41,800 



21,600 



38,700 



25,500 



Time m 



To Peak 



18.5 



17 



16.2 



Total 



67.5 



66.3 



53 



71.3 



Electrode Tips 



Upper 



4"R 

Dome 



2|"R 
Dome 



4"R 

Dome 



2^"R 
Dome 



Lower 



4"R 

Dome 



24"R 

Dome 



4"R 
Dome 



2i"R 

Dome 



Welding 
Pressure 
Lbs* 



Electrode Pressure 

Forging Pressure 



1600 



600 



600 



600 



Max. 

Value 
Lbs • 



2400 



1800 



1800 



1800 



Time from Peak 
Current Millisec* 
To Start To Max. 



17 



16.2 



22 



37.4 



11 



32.4 



Surface Treatment 
Paint 



Removal 
and De 
grease 



Navy 
Spec . 
C-67-6 

Navy 
Spec . 
C-67-6 



Navy 

Spec. 

C-67-6 



Navy 

Spec. 

C-67-6 



Removing 
Oxide 



R. P.I. 

Sol. #10 



R.P.I. 

Sol. #10 



R.P.I. 

Sol. #10 



R.P.I. 

Sol. #10 



Shear 
Strength 
Single 
Spot 
Lbs • 



602 



347 



328 



470 



(^)Total time from start of welding current until decay to 10^. 
(2)condenser Discharge typo of welding. 
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TABLE 5. STATIC TESTS ON LAP JOINT SAMPLES 



Sample No. 


Thickness of Sheet 


No» Spots 


Spot Spacing 


(Lbs.) 


Rupture Load 
(Lbs. /spot) 


lA-26 
lA-30 


.025" 
.025" 


4 
4 


■■■"1 


1352 


000 
338 


lA-21 
3Ji-22 


.025" 
.026" 


6 

6 


3/4" 
3/4" 


1908 
1848 


318 
308 


2GI33 
2GI31 


• 032" 
.032" 


4 
4 


1 In 


1240 
1260 


310 
315 


2N33 
2N31 


.032" 
..032" 


6 
6 


3/4" 
3/4" 


1920 
1980 


320 
330 


5A1 
3A9 


.040" 
.040" 


4 
4 


lilt 
l|" 


2400 
2460 


600 
615 


3A27 
3A30 


.040" 
.040" 


6 
6 


3/4" 
3/4" 


3540 
3590 


590 
598 



Note: In all cases, failure was by shear through spot. 
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TABLE 4. FATIGUE DATA Oil LAP JOINTS OF 0^025" ALCIAD 24 S-T WITH 4 SPOTWELDS SPACED ij" APART 



S&nip Is No • 


Total Max. Load 


Max. Load 


Ratio 


Cycles to 


Cycles To 


Type of Break 


Lbs • 


Lbs ./spot 


Min. Stress 


First Obsorv- 


Failure 










Max .Stress 


od Cracking 






1A7 


400 


100 


• 25 


2,317,500 


2,372,600 


Pulled buttons ft fatigue crack. 


1313 


440 


110 


.25 




1,017,500 


If %f tf n If 


IA9 


500 


125 


• 25 




yu , iuu 


If If M If ff 


1A5 


500 


125 


.25 


197,800 


695,800 


tf ff ff If II 


1A33 


600 


150 


.25 


67,000 


78,100 


Fatigue crack. 


1A2 


600 


150 


.25 




521,800 


If 11 


1A18 


G60 


165 


.25 




34,200 


Pulled buttons, also sheared. 


U3 


720 


180 


.25 




13,100 


Pulled buttons. 


■La -z 


880 


220 


.25 




6,300 




lAl 


1000 


250 


.25 




3,700 


Shear. 


1A24 


220 


55 


.50 




58,000 


Did not fail. 


Re locxded 


880 


220 


.50 




4,300 


Pulled buttons. 


U17 


340 


85 


.50 


3,734,300 


5,930,400 


Fatigue cracks. 


U22 


400 


100 


.50 


5,687,800 


8 ,300,000 


Fatigue cracks k pulled buttons. 


1AE19 


440 


110 


.50 


629,800 


927,100 


Fatigue cracks chiefly, also 












pulled buttons. 


U6 


ouu 




. 50 




12,800 


Pulled buttons mostly , some shear. 


IB 14 


520 


130 


• 50 


1,651,700 


,y92 ,600 


Pulled buttons, also faitigue crack 


U16 


600 


150 


.50 




70,600 


Pulled buttons. 


1A23 


720 


180 


.50 




25,700 


It If 


1B15 


740 


185 


• 50 


79,100 


95,000 


Fatigue cracks k pulled buttons. 


U29 


480 


120 


.75 




>10,759,800 


Did not fail. 


Reloaded 


1040 


260 


-75 




700 


Pulled buttons. 


U26 


600 


150 


.75 




756,300 


Fatigye cracks indication of 










pulling buttons. 


lAEll 


740 


185 


.75 


413,500 


820,800 


Fatigue crack and pulling buttons 


1AE21 


800 


200 


.75 


140,900 


222,500 


Pulling buttons ^ fatigue cracks. 


LAEIO 


1040 


260 


.75 




73,700 


Fatigue cracks. 



TABLE 5. FATIGUE DATA ON LAP JOINTS OF 0.025" ALCLAD 24 S-T IWITH 6 SPOTVv'ELDS SPACED 3/4" APiiRT 



Sfonple 
Number 


Total Max. 
Locid Lb s • 


Max • Loa d 
Lbs ./spot 


Ratio 
Min» stress 


Cycles to 
First Observ- 
ed Cracking 


— TZ — ^ 1 1 

Cycles to 

Fai lure 


iype 01 oreaK 


Max • Stre ss 


U-18 


.444 


74 


.25 




>9, 010, 900 


Pulled buttons during reloading. 


lAD-6 


510 


85 


.25 


1,000,000 


2,530,900 


Fatigue cracks. 


UJD-4 


570 


95 


o r 
• CO 


i jUUvJ ,uuu 


1 'z 1 Q c;nn 

i , o lo , OUi ' 


f! {\ 


lAC-3 


660 


110 


o c 

• CO 


OU i ,uuu 




W II 


lA-31 


750 


1^:0 


o c 

• CO 




'iOO ,uuu 


uniei ly luuiguc cracKS. 


LA-10 


83 0 


135 


O n 
• CO 




TOO onn 


oi DULoons. 


lAC-2 


840 


140 


O rr 
• CO 




1 r\o /inn 
iUo , oUU 


Cliiefly fatigue cracks, some pulling/ 


IC -8 


960 


160 


o c 

• do 


lb > iUU 


oo , cUU 


Pulled buttons. 


lA-32 


1020 


170 


.25 




CO , cUU 


ft It 


lA-25 


1140 


190 


o n 
• CO 




o , lUU 




lA-30 


1200 


200 


n c 
• CO 




OUU 


Shear . 


lA -5 


510 


85 


.50 


7,227,600 


8,553,100 


Fatigue crack. 


lCD-9 


570 


95 


• 50 




o ^ yi n nnp» 
c ,b4U,UUU 


11 II 


lCD-7 


G90 


115 


• OU 


<:oU,UUU 


boo ,UUU 


M II 


lA-19 


690 


115 


c: c\ 


cyu ,uuu 


0^/4 , oUU 


II II 


lA-23 


780 


130 


• oU 


u4U ,UUU 


/ ( U , oUU 


II M 


lA-26 


900 


150 


.50 




135,000 


i3etv/een pulling buttons & fatigue crack* 


lA-12 


960 


160 


.50 




44,300 


Buttons pulled. 


lA-28 


1020 


170 


.50 




16,700 


It II 


lA-24 


1020 


170 


.50 




16,200 


(t It 


lA-17 


1080 


180 


.50 




39,700 


11 It 


U-15 


810 


135 


.75 


7,600,000 


>11,771,400 


Failed during reloading. 


lA-15 


06O 


160 


.75 


623,700 


1,068,000 


Fatigue crack. 


U-14 


960 


160 


.75 


348,200 


483,100 


It It 


U-16 


1050 


175 


.75 




290,800 


It It 


lA-11 


1200 


200 


.75 




166,500 


It ti 



o 
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TABLE 6. FATIGUE DATA CM LAP JOINTS OF 0.032" ALCUD 24 S^T WITH 4 SPOTOELDS SPACED ij" APART 



Sample 
Number 


Total Max« 
Load Lbs. 


Max* Load 
Lds •/opox 


Min • & t> lO 5 5 


Cycles to First 
Observed Crack- 
ing. 


Cycles to 
Failure 


Type of Break 




MUX • o xr^ i> 


2E1 


460 


TIC 

llo 




5,442,900 


6,621,200 


Fatigue crack. 


2H22 


500 


let) 




338,300 


1,295,500 


ti tf 


2HI30 


520 


ioU 




266,000 


863,400 


II If 


2H23 


560 


1 / n 


• eO 


599,200 


1,119,300 


11 It 


2F17 


640 


ibU 


PR 


210,000 


227,500 


Fatigue crack (shear failure?) 


2G15 


700 


175 


.25 


67,000 


69,500 


Shear. 


2G1-32 


760 


190 


.25 





46,600 


Shear and pulling buttons. 


2EF7 




PI n 


• 25 




3,800 


Shear* 




OO V 


CCj\J 


-25 




2,800 


Shear . 


2E6 


Q on 




- PR 




6,750 


Shear* 


2EF8 


1 Ann 




- PR 
• eo 




1,250 


Shear • 


2HI26 






. PR 
• eo 




1,100 


Shear • 


2BI24 


C O A 

5<sO 




RD 


1,338,600 


3,171,100 


Fatigue cracks. 


2HI27 


600 


150 


RO 


427,000 


886,400 


Fc^tigue cracks • 


2E3 


540 


ibU 


RO 


678,900 


1,193,500 


II II 


2GU 


720 


180 


.50 


177,000 


326,200 


Fatigue cracks and pulling buttons. 


2EG20 


800 


200 


.50 


52,400 


71,500 


Pulled buttons. 


2E2 


840 


^iiO 


RH 





22,500 


It II 


2F18 


880 


Q on 
<icO 


Rn 




27,400 


Fatigue cracks • 


2HI29 


n AA 

yoo 


00 
ecu 


RO 




26,800 


Pulled buttons. 


2EF9 


bbO 


o/ n 


RO 




28,200 


If tf 


2EF12 


1080 


o nr\ 

Cl\J 


RO 




4,500 


Shoo.!* • 


2BG21 


600 


T c:n 


7R 




>10,275,200 


Did not fail. 


Reloaded 


800 


200 


.75 




57,600 


Fatigue cracks. 


2F16 


680 


170 


.75 


1,126,000 


1,959,600 


II 11 


2EF10 


800 


200 


.75 


125,000 


549,500 


If It 


2E4 


900 


225 


.75 


141,800 


174,400 


H If 


2HI28 


1000 


250 


.75 


142,700 


338,200 


II tf 


2HI25 


1040 


260 


.75 




119,900 


Pulled buttons. 


2BG19 


1080 


270 


.75 




168,000 


II ft 



z 





TABLE / • 


FATIGUE DATA ON LAP JOINTS 


OF 0.032'' ALCLAD 24S-T WITH 6 SPOTSVELDS SPACED 3/4" APART 


Sample 
Number 


Total Max. 
Load Lbs. 


Max • T/)£Ld 
Lbs • /Soct 


Ratio 


\jj o X v» o P X 1 o Lf 
XH^ • 


uycj.es oo 
r**j. xure 


Type of Break 


Max* Stfnss 


2LN21 


540 


90 


• 25 




>10,642,300 


Did not fail^ 


Reload 


840 


140 


.25 




768,200 


Fatigue crack. 


2 JL9 


570 


95 


• 25 




i , OUo ,fcUU 


Fatigue crack. 


2KL5 


690 


115 






i ,Uoy ,UUU 


Fatigue crack. 


2JK17 


750 


125 


• 25 




1 f D ,uuu 


Fatigue crack. 


2M29 


810 


135 






4oy ,UUU 


Fatigue crack- 


2GI2 


930 


155 


.25 


pq*? inn 




Fatigue crack. 


2N32 


1050 


175 


.25 


75-100 

1 *J S XvW 


1 1 Q ROD 


Fatigue^ 8Lnd pulled buttons* 


2LN20 


1200 


200 


.25 




Q 7nn 

, f VJU 


Shear 


2M26 


1320 


220 


.25 




Q QOD 
y , i/VJU 


iruxiea Duxxons. 


2LN19 


690 


115 


.50 




>10,596,0O0 


Did not fail. 


Reload 


960 


160 


.50 


847,700 


896,300 




2LI26 


750 


125 


.50 


5Ba .ROO 

vj , U W W 


1 000 Rnn 


Fatigue crack. 


2Jkl5 


810 


135 


. 50 


owx , XV-/V> 


1 00, / u u 


ft II 


2JL8 


930 




. no 


s>Q '^nn 


o^b ,oUU 


It ft 


2JK14 


1050 


4. 1 o 




Q 1 nnn 
y o J uuu 


c^i ,yuo 


Pulled button, fatigue. 


2G11 


1110 




• xJ\J 


7Q "^nn 


iuU ,OUU 


Fatigue crack. 


2m23 


1200 


200 


.50 




22,800 


Pulled button, shear. 


2JK11 


1260 


210 


• 50 


70,000 


113,500 


Pulled buttons. 


2JK16 


1380 


COKJ 






34,350 


Fatigue cracks. 


2L2T28 


780 


130 


.75 


2,208,900 


7,043,800 


Fatigue crack. 


2MIJ30 


900 


150 


• 75 


1,571,600 


3,222,500 


fi It 


2JK10 


1050 


175 


.75 


622,800 


1,441,400 


ft If 


2JK18 


1200 


200 


• 75 


226,400 


618,100 


11 If 


2LM24 


1380 


230 


.75 


116,800 


150,000 


II II 


2M27 


1560 


260 


.75 




47,200 


Pulled buttons and shear. 



4^ 





TABLE 8. 


FATIGUE DATA ON LAP JOINTS OF 0.040" ALCLAD 


c*± o— i Vvilrl ^ 






Sample 
Number 


Total Max. 
Load Lbs* . 


Mot a 1 /^f\(\ 


Ratio 

lux * O V 1 O O 


Cycles to First 
ObsGT^ed Crack — 


Cycles to 
Failure 


Typ 


e of Break 




3A25 


600 




0*25 




>5,VM2^100 


Did not 


fail. 


3A25( Reload) 1200 


300 


0.25 




115,000 


Fatigue 


crack. 


3A23 


700 


175 


0.25 




1,309,200 


Fatigue 


crack. 


3A19 


800 


200 


0.25 


420,000 


779,600 


n 


ti 


3A33 


880 


220 


0.25 


454,200 


539,200 


It 


tt 


3A29 


1000 


250 


0.25 


189,750 


346,800 


It 


It 


3A31 


1040 


260 


0.25 


100,000 


291,400 


It 


It 


3A14 


1200 


300 


0.25 




25,200 


Shear- 




3A13 


1500 


375 


0.25 




3,600 


It 




3A15 


1620 


405 


0.25 




1,000 


It 




3A26 


700 


175 


0,50 




>15,320,000 


Did not 


fail. 


3A26( Re load) 1200 


300 


0.50 


66,400 


183,600 


Fatigue 


crack. 


3A21 


800 


200 


0.50 


515,500 


1,964,500 


tt 


It 


3A32 


880 


220 


0.50 


331,600 


1,109,000 


It 


It 


3A27 


900 


225 


0.50 


279 .800 


897,000 


II 


It 


3A20 


1000 




0.50 


152 .100 


1,053,000 


11 


It 


3A17 


1200 






7"^ TiOCi 


196,500 


11 


It 


3A18 


1400 


350 


0.50 


60,000 


72,200 


It 


If 


3A22 


1600 


4-00 


0. 50 




8,000 


tt 


tt 


3A28 


800 


200 


0 .75 


? 188.000 


6,784,600 


Fatigue 


crack. 


3A11 


950 


CO 1 


0.75 


1 4*^3 700 


2,984,600 


It 


It 


3A10 


1000 


PRO 


n.7R 

\J • 1 o 




2,373,700 


It 


11 


3A24 


1000 


250 


0.75 




>3, 200,000 


Did not 


fail. 


3A24(Rel 


Dad)l600 


400 


0.75 


200,000 


1,380,000 


Fatigue 


crack. 


3A8 


1100 


275 


0.75 


489,000 


842,300 


tt 


II 


3A7 


1200 


300 


0.75 


l,152,30O»' 


1,761,600 


It 


It 


3A5 


1400 


350 


0.75 


684,300 


936,000 


It 


It 


3A2 


1600 


400 


0.75 




533,300 


II 


It 


3A4 


2000 


500 


0.75 


220,000 


277,000 


It 


It 


3A6 


2200 


550 


0.75 




41,200 


II 


It 



> 



TABLE 9. FATIGUE DATA ON LAP JOINT OF 0>04Q" ALCLAD 24 S-T WITH 6 SPOlVfELDS SPACED 3/4" APART Z 



Sample 
Number 


Total Max. 
Load Lbs. 


Max. Load 
Lbs. /spot 


Ratio 
Min« Stress 


Cycles to First 
Observed Crack- 
ing. 


Cycles to 
Failure 


Type of Break 


M2xx« Stress 


3A25 


690 


115 


0.25 




>10,753,000 


Did not 


fail 


Reloaded 


1800 


300 


0.25 




11,100 


Pulled 


buttons • 


3AB7 


720 


120 


0.25 




2,124,000 


Fatigue 


cracks. 


3A24 


775 


129 


0,25 




2,973,500 


tt 


3A23 


900 


160 


0.25 


135,900 


257,400 




If 




Qon 
yuu 


iou 






638,000 




It 


3A2 


1050 


175 


0.25 




176,400 




tt 


3A29 


1050 


175 


0.25 




261,000 




It 


3A3 


1200 


200 


0.25 


129,300 


216,000 




II 


3AB8 


1320 


220 


0.25 


98,500 


153,900 




tt 


3A1 


1500 


250 


0.25 


94,200 


126,000 




ft 


3AB10 


1560 


260 


0.25 


76,000 


104,600 




If 


3A5 


1800 


300 


0.25 




16,600 


Pulled buttons. 


3A4 


2100 


350 


0.25 




3,400 


Shear. 




3AB11 


900 


150 


0.50 




5,127,000 


Shear. 




3AB12 


1050 


175 


0.50 




1,039,400 


Fatigue 


cracks . 


3AB3o 


1350 


225 


0.50 


174,700 


223,400 


It 


It 


3A31 


1650 


275 


0.50 




31,200 


Pulled buttons. 


3A32 


1650 


275 


0.50 




87,000 


Fatigue 


cracks and pulled buttons. 


3A26 


1800 


300 


0.50 




68,000 


Fatigue 


crack. 


3A28 


2100 


350 


0.50 




31,700 


\\ 


ti 


3AD9 


2400 


400 


0.50 




7,100 


Shear • 




3A18 


1200 


200 


0.75 




10,517,600 


Fatigue 


cracks . 


3A21 


1350 


225 


0.75 




o Q crv f\r\r\ 

c ,y ou ,uuu 


It 


It 


3A16 


1500 


250 


0.75 




490,000 


tt 


tt 


3A20 


1650 


275 


0.75 




1,000,400 


It 


II 


3A15 


1800 


300 


0.75 


318,000 


593,000 


It 


ft 


3A13 


2100 


350 


0.75 




387,400 


II 


t! 


3A8 


2400 


400 


0.75 




143,000 


Shear. 




3A14 


2700 


450 


0.75 




205,800 


Fatigue 


cracks . 


3A17 


3000 


500 


0.75 


88,000 


107,600 


Shear 




3A19 


3300 


550 


0.75 




4,100 


ir 





TABLE* 10. EXTRAPOIATED VALUES OF REVERSED STRESS FOR 0.032" ALCLAD 24 S-T 



Weld Spacing 


Reversed Stress (Lbs./spot) at Varied Lifetimes 


Static Ultimate 
(Lbs./Spot) 


Inches 


50,000 Cycles 


500,000 Cycles 


5,000,000 Cycles 




Stress 




Stress R. 


Stress 


R. 






106 


0.340 


70 0.224 


59 


0.189 


312 




108 


0.332 


68 0.209 


43 


0.132 


325 


Single Spot 

Reversed 
** 

Stress 


70 


0.184 


40 0.105 


30 


0.079 


381 



* Values reversed stresses extrapolated (see Figure ll). 
** From tests by Hartman and Stickley (see Reference 2). 
*** =. stress given lifetime 
static ultimate 
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TABLE 11* RELATIONS BEIVTEEN WELD DIMENSIONS AND FATIGUE DATA FOR 0.032" - 0.025" GAGE MATERIAL 



Sample 
Number 


Average 
Length oi 
Spot (Axis 
in Direction 
of Testing ) 


Width of 
Spot (Axis 
Normal to 
Direction 
of Testing ) 


Average 
Penetration 
of Spot 


Maximum 

Load/ 

Spot 


Ratio 


Cycles 


Location of 
Point on 
SN Curve 


Spot 
Spacing 


Gage 


lA-7 (4) 




U . i4U 


44fo 


.022" 


100# 


0. 25 


2,372 ,600 


On curve. 


It" 


0.025" 


U-4(4) 


0.150" 


0.140" 


44fo 


.022" 


Z2C4 


0.25 


6,300 


On curve. 




0.025" 


1AD6(6) 


0.157" 


0.141" 


365S 


.018" 


85# 


0.25 


2,530,900 


On curve* 


3/4" 


0.025" 


IA-25 (6) 


0.145" 


0.136" 


40^ 


.020" 


190# 


0.25 


8,100 


On curve 


3/4" 


0.025" 


2H-23(4) 


0.134" 


0.128" 


55?S 


.035" 


140# 


0.25 


1,119,300 


On curve 


lilt 

^4 


0.032" 


2E5(4) 


0.122" 


0.123" 


50^ 


.032" 


22C^ 


0.25 


2,800 


Below curve. 




0.032" 


2KL-5(6) 


0.129" 


0.122" 


485? 


.031" 


115# 


0.25 


1,089,000 


On curve. 


3/4" 


0.032" 


2LN-19(6) 


0.131" 


0.134" 


53/c 


.034" 


115# 


0.50 


10,596,000+ 


High 


3/4" 


0.032" 


Reload 










160# 


0.50 


896,300 




U-31(6) 


0.144" 


0.181" 


45fo 


.023" 


125# 


0.25 


485,500 


High 


3/4" 


0.025" 


U-2(4) 


0.150" 


0.139" 


585^ 


.029" 


150# 


0.25 


550,000 


High 


-'-4 


0.025" 



-4 
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TABLE 12. SUMMAHY OF RESULTS OF TESTS ON 2hS-T ALCLAD 
USED FOR COMPRESSION SAMPLES* 



TVl 1 PlCTl P c; c« 

of Sheet 


(psi) 


Tensile Yield 

Strength 
(Offset 0,2'^) 
(,psi; 


Elongation 
(in 2 in.) 


Compression 
Yield Strength 
(Offset 0.2^) 
(psi) 


.025" 


Min. 65,300 


5l,Uoo 


17.5 






Max. 67,300 


50,000 


IZ.O 


1|I(.,000** 




Ave. 66,500 


51.233 


17.7 


.032" 


Min. 66,800 


1+9,700 


19.0 




Max, SS,HO0 


51,900 


17.0 


U2,000** 




Ave. 67,510 


50,600 


18. 3 


.0!+0" 


68,900 


51,300 


17.0 


^U,900 



* Tests were made at Alijminuin Company Laboratories. A complete copy 
of their report is given in the appendix. The values quoted above 
were selected from data on test coupons from the particular sheets 
used in making compression samples. 



♦♦Compression yield strength is result for 1 sample. 
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TABLE 13. YIELDING CONDITI(»IS FOR STIFFENED PANEL SAMPLES 





Secondary Current^ 






Electrode Pressure 


Surface Treatment 








Time in 








Forging Pressure 


Paint 




Shear Strength 




Peak 


Milli-Sec. 


Electrode 


Yielding 


Max. 


Time for Peak Current 


Removing 




Single-Spot 


Gauge^ 


Value 


To 


Time^ 


Tips 


Pre s su re 


Value 


In Milli 


-seconds 


and 


Removing 


Specimen 


Inches 


Amps . 


Peak 


Upper 


Lower 


Lbs . 


Lbs • 


To Start 


To Max. 


Degreasing 


Oxide 


Lbs. 


0.032Sr 
0.032pl 


30,400 


io 


DC 


2i" R 
Dome 


i"" X 10* 

Flat 


800 


2400 


1 0 


i iU 


Acetone & 
Trichlor 
Ethylene 
Vapor 


R.P.I. 

Solution 
No • 4 


460 


0,032Sr 
0.051pl 


32,400 


16 


62 


2i" R 
Dome 


X 10* 

Flat 


800 


2400 


12 


110 


tt 


tt 


505 


0.032Sr(2) 
0.040pl 


37,200 


17 


61 


2k" R 
Dome 


5/16" X 10° 
Flat 


800 


2400 


8 


49 


Navy Spec . 
C-67-C 


R.P.I. 

Solution 
No. 10 


492 


0.032Sr 
0.025pl 


24,600 


18.6 


69.0 


2i" R 
Dome 


^e'^xio** 

Flat 


600 


1800 


0 


39 


tf 


tt 


410 



1. Total time from start of welding current until decay to 10%. 

2. 1 cracked weld others sound. 

3. Condenser discharge type of welder. 

4. Sr - stringer 
pi - panel 
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TABLE 14. STATIC COMPRESSION TESTS ON STIFFENED PAIJELS 



Panel 
Thickness 
( Inches ) 


Yield 
Spacing 
(Inches) 


Area 
A 

( sq.in. ) 


4 ^ 
(Inches ) 


Area 
A^ 
( sq. in . ) 


Averag:e 
Buckling 
Load P 
(Lbs.) 


Average 
Buckling 
Stress 

p./a- 


Crippling 
Load ?2 
(Lbs.) 


Crippling 
Stress 
P2/a 


Crippling 
Stress 

P2/A1 


Stiffner 
Alone 




• 162 










5,680 


34,400 






. 75 


.275 


1.436 


.198 


1,750 


6,360 


8,400 


30,500 


42,300 


0.025 


1-25 


.275 


1.436 


.198 


1,750 


6,360 


7.950 


28,900 


40,100 


0.032 


.75 


.306 


1.84 


.221 


2,950 


9,630 


9,020 


29,500 


40,800 


0.032 


1.25 


.306 


1.84 


.221 


2.950 


9,630 


8,300 


27,100 


37,600 


0.040 


.75 


.342 


2.30 


.254 


3,900 


11,400 


10,445 


30,500 


41,100 


0.040 


1.25 


.342 


2.30 


.254 


3,900 


11,400 


8,640 


25,200 


34,000 


0.051 


.75 


.391 


2.92 


.311 


4,600 


11,800 


11,160 


28 , 500 


35,900 


0.051 


1.25 


.591 


2.92 


.311 


4,600 


11,800 


9,520 


24,400 


30,600 
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TABLE 15. COMPRESSION FATIGUE RESULTS ON 0.025" ALCLAD 24ST STIFFENED PANELS 

min. stress 

Ratio = .25 

max. stress 



C ft TTi r\ 1 A 


Max • Loaa vijDs • ^ 


Spot Spacing 


Cycles to failure 


Type of break 


L6 


2500 


li" 


6,602,600 


Failed - welds pulled 


L9 


2700 


li" 


1,524,600 


" 1 weld pulled loosf 


L8 


2800 


li" 


210,000 


" 1 weld popped, 1 










cracked 


L3 


3100 


It" 


598,100 


Failed 


L5 


3300 


li" 


100,700 


1 weiu puiied 


L2 


3500 




6 , 500 


" 1 weld pulled 


L7 


4000 




100 


" 3 welds separated 


K5 


2500 


3/4" 




Failed - 1 weld pulled 


K7 


3200 


3/4" 


84 7,000 


" Welds pulled 


Kl 


3600 


5/4" 


714,800 


" Welds pulled 


♦K3 


4000 


3/4" 


7,000 


" l.'Vhile adjusting 










cut-off 1 weld, possibly 


K6 




3/4" 




not sound, pulled 


4500 


302,200 


Failed - 1 weld popped 


K9 


5100 


3/4" 


11,400 


" 1 weld, possibly 


KIO 




3/4" 




not good, pulled 


5600 


4,600 


Failed - 2 welds 



♦ For K-3 the ratio ,ow ingto an error, was 0.394 instead of 0.250. 
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Table i6. compression fatigue results on 0.032" 
24s-t alclal stiffened panels 



Sample 
Number 


Max. Load 
Lbs, 


Cycles to 
Failure 


tCQiZ 10 

MiA.Load 


opou opaciug 
Inches 










ma A • l>UaU. 






A6 


721g 


63,600 


• 25 


3/4 




AlO 


6498 


144,000 


.25 


tt 




A3 


6000 


167,900 


.25 


If 




A5 


5496 


252,900 


.25 


It 




A2 


4500 


812,400 


.25 


ft 




A7 


3996 


81^200 


.25 


fi 




A8 


3498 


20,000,000 


.25 


n 


Did not fail. 


A8( reload' 


Jd) 3996 


1,202,420 


• 25 


n 




B9 


5500 


0 , l^U 


• CjxJ 


1^ 




Bo 


ouuu 




.25 


«t 




310 


4450 


104,000 


• 25 


H 




B2 


4080 


62,000 


.25 


n 




B6 


3980 


30 9,600 


• 25 


ft 




Bl 


3525 


1,530,000 


.25 


ft 




B7 


3500 


31,200 


• 25 


ft 




B8 


3300 


2,127,600 


.25 


ft 




B4 


2550 


22,000,000 


.25 


ft 


Did not fail. 


B4( reload 


ed) 3500 

1 


7,500,000 


.25 


H 





2 
> 
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TABI£ 17. COMPRESSION FATIGUE RESULTS ON 0.040" ALCIAD 24 S-T STIFFENED PANELS 



Ratio 0.25 



Sample 



G2 


3400 


Reloaded 


8000 


G3 


4700 


G8 


5200 


G9 


5600 


05 


6000 


Gl 


6500 


GiO 


8500 


G6 


9200 


H8 


3200 


Re loaded 


6000 


HI 


3600 


H5 


4000 


H9 


4500 


H2 


5000 


H3 


5600 


H7 


6200 



Max. Load 
Lbs. 



Spot Spacing 



3/4" 
3/4" 
3/4" 
3/4" 
3/4" 
3/4" 
3/4" 
3/4" 
3/4" 

1- " 

Tin 

1-" 

••■4 

T 111 

■'-4 



Min* Stress 
Max> Stress 



Cycles to Failure 



9,496,700 
95,500 
714,500 
682,100 
455,300 
213,700 
294,400 
58,000 
34,400 
>10,179,900 
78,500 
7,539,700 
1,156,000 
524,000 
61,900 
200,000 
34,800 



Type of Break 



Did not fail 

Two welds popped. 



Failed through the one cracked weld in sample^ 
2 welds broke 

Weld pulled 
Did not fail 
IWo welds popped- 
Failed in center welds- 
Weld pulled. 
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TABLE 18. COMPRESSION FATIGUE RESULTS ON 0.051" 
24S-T ALCLAD STIFFENED PANELS 



Sample 
Number 


Max. Load 
Lbs. 


Cycles to 
Failure 


Ratio 
Min. Load 


Spot Spacing 
Inches 








Max. Load 




C9 


9350 


11,700 


.175 


3/4 


C3 


8500 


169,800 


.25 


\f 


04 


8275 


220,000 


.170 


%j 


02 


7626 


263,700 


.173 


«t 


06 


7600 


217,000 


.164 


H 


010 


6900 


165,000 


.162 




05 


6750 


1,500,000 


.250 


If 


07 


6500 


4,000,000 
(did not fail) 


• 200 


It 


D7 


7250 


900 


.25 




D2 


7000 


66,000 


• 25 


H 


Dl 


7000 


66,800 


• 25 


\l 


D8 


6500 


290,000 


.25 


«r 


D4 


6500 


42,600 


.25 


u 


D3 


6500 


22,000 


.25 


If 


D6 


6250 


638,000 


.25 


ft 


D9 


6000 


10,558,600 


• 25 


ir 
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TABLE 19. SUMHAEY OF RESULTS OF TESTS ON 2US-T AlCLAD 
USED FOE UNSTRESSED ATTACHMENT SAMPLES* 



inxciviiss s 
nf Shppf 


Tensile Strength 
(psi) 


Tensile Yield 

Strength 
(Offset 0,2^) 
(psi) 


Elongation 
(in 2 in.) 

i 


Compression 
Yield Strength 
(Offset O.2I) 
(psi) 


.025" 


Min. 65,300 


50,000 


17.5 






Max. 67,400 


53.100 


IS.O 






Ave. 66,2^0 


51,620 


17.6 


UU.OOO** 


.032" 


Nin. 65,500 


Ugjoo 


16.0 






Maa. 62,H00 


51,900 


20.0 






Ave, 67,170 


50,750 


18.4 


U2,000** 


.040" 


Min. 67,000 


51,300 


16.5 






Max. 62,900 


53,900 


17.0 






Ave. 67,230 


52,570 


16. S 


kk,soo** 



* Tests were made at Alumimjun Company La"boratories. A complete copy 
of their report is given in the appendix. The values quoted above 
were selected from data on test coupons from the particular sheets 
used in mailing unstressed attaciiment samples. 



♦♦Compression yield strength is result for 1 sample. 



TABLE 20. STATIC TENSION TEST QM UNSTRESSED ATTACHMENTS 



Sample 

4A28 
4B30 
4G10 
5P22 
5J30 
6C27 
6B26 



Number 
Yields 

4 

4 

2 

2 

4 

2 

4 



Gauge 

• 025 
.025 
.025 
.032 
.032 
.040 
.040 



Breaking 
Load (Lbs) 


Yiela 
(p.s.i* 


4,660 


50,700 


4,470 




4,310 


50,700 


5,220 


47,900 


5,210 


46,800 


7,280 


48,300 


7,000 


51,500 



Yield Load 
(Lbs) 

3,800 



3,800 
4,600 
4^500 
5,800 
6,175 

All failed across the line of spotwelds. 



Ultimate 
p . s • i ' 

62,100 
59^500 
57,300 
54,400 
56,600 
60,600 
58,400 



Elongation 
{% j 

7 

7 

5 

6 

5 

7 

5 
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TABLE 21. TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .025" UNSTRESSED 
ATTACHMENT, 2 SPOTWELDS ij" SPACED. R Min. Stress = 0.25 



Max. Stress 



Sample 


Max. Load 


Cycles to failure 


Type of Break 




Lbs. 






4B13 


1200 


>10, 604,500 


Did not fail. 


Reloaded 


2500 


123,600 


Failed in sheet just below v;elds. 


4C28 


1600 


370,005 


Failed 2". 


409 


2200 


219,800 


Failed in fillet. 


4B11 


3000 


41,300 


Failed through line of welds. 


4D22 


3500 


69,000 




4C25 


3700 


4,700 


Failed. One weld cracked. 



TENSION FATIGUE TEST ON 24 S-T ALCLAD SHEET 3" x .025" UNSTRESSED 
ATTACHMENT. 4 SPOTWELDS 3/4" SPACED R =0.25 



4C4 


1800 


407,400 


Failed in fillet. 


4A19 


2100 


153,200 


Cracked 1^" while load being 
pulled up. 


4B12* 


2400 


142,300 


Failed in fillet. 


4C2 ♦ 


2600 


79,300 


Failed in bottom fillet. 


4B24 


2700 


96,300 


Failed on top radius. 


4B26* 


3200 


57,800 


Failed in welds. 


4C1* 


3600 


16,900 


Failed just below welds. 


4B25* 


4000 


22,000 


Failed at fillet edge. 


4C3* 


4100 


12,700 


Failed in weld. 


4A21 


1500 


3,493,200 


Did not fail 


Heload«d 


2AQ0 


53,400 


Failed in f illei 



♦ Unstressed attachment on these samples was .032". 
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TABLE 22. 



TENSION FATIGUE TEST OW 24 S-T ALCLAD SHEET 3" x 
ATTACHTvIENT R = . 25 Mi n. Stress 
Max. Stress 



NACA 
.032" UNSTRESSED 





Max. Load 






Sample 


Lbs. 


Cycles to Failure 


Type of Break:. 




1 — 


— 





I Itf 



5P19 


2000 




5K25 


2400 




5M28 


2800 




509 


3300 




5R31 


4000 




5N6 


4600 




5P18 


5000 





520,300 
300.100 
213,900 
62.500 
70,100 
39,900 
6,700 



Failed 1-5/8" 

Failed in fillet. 

Failed 1-3/4". 

Failed through v;slds. 



4 spot welds 3/4" spacings 



5K27 


1900 


>9, 787, 600 


5J24 


2000 


2 ,032,900 


5J23 


2400 


930,100 


5J21 


2600 


317,700 


5126 


2600 


295,600 


5K28 


3000 


3.69,300 


5K31 


4000 


65,000 


5J29 


4500 


6,500 



Failed through welds. 

!? It tl 

Failed 2". 

Failed 1-3/4". 

Failed in fillet. 

Failed- 2 right welds on rear of 

sheet cracked. 
Failed in line of welds. 



TABLE 23. TENSION FATIGUE TEST ON 24 S-T ALCLAD SliEET 3" x .040" 
UNSTRESSED ATTACHMENT R Min. Stress = .25 

Max. Stress 



Sample 



Max. Load 
Lbs. 



Cycles to Failure 



Type of Break 



2 spotwelds 1^" spacings 



6A4 


2300 


3,096,500 


6C32 


2500 


1,049,000 


6A3 


4000 


223,200 


6C28 


5000 


74 , 500 


6B2 


6000 


5,800 



Failed through welds. 
Failed 1-3/4". 



Failed l|" 



Failed. Crack in weld. 
Failed through weld. 



4 spotwelds 3/4" spacings 



6C27 


2400 


3,879,400 


Failed through welds. 


6B21 


3000 


620,850 


Failed 1^" . 


6C30 


3800 


143,800 


Failed through welds. 


6B25 


4000 


54,300 


Failed across welds. 


5322 


4200 


203,500 


Failed in fillet. 


6C32 


5000 


32,900 


Failed by shearing sheet 








through line of welds. 


6C28 


6000 


43 ,700 


Failed across welds. 


6C31 


6000 


22,000 


Failed through all welds. 


6B23 


6400 


9,100 


Failed through welds. 




Figure Typical Lap Joint Tension Fatigue Sample 

(Note failure by propagation of fatigue crack.) 
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Figs. la,b 
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Figure lA 



Sample showing shear type failure 
through spots. Sample 3A - 4 (6). 




8070 
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Figure IB 



Sample 3A - 14 (4) illustrating 
"button pulling" type of failure. 
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Figs. lc,d 
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Figure IC 

Sample 3A - 29 (4) illustrating 
beginning of fatigue cracks at top 
of welds. 
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Figure ID 

Sample 3A - 29 (6J showing 
propagation of fatigue cracks. 
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Figs. 2,3 
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Figs. 8,9 
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FIG. lO-EFFECT OF SHEET THICKNESS ON STRENGTH FOR SPOT- 
WELDED LAP JOINT SAMPLES. 
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FIG 13 -EFFECT OF MEAN LOAD ON RANGE OF STRESS FOR SPOT WELDED LAP JOINTS OF 0 040" ALCLAD 24 - S' 
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Figs. 14,15 




Keller's Etch 



(a) 0.025"-0,025" 

4 Welds, l|-" spacing. 
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Keller's Etch 20385 

lOX 

(b) 0.032"-0.032»» 

4 Welds, Ip spacing. 




Keller' s Etch 20387 

lOX 

(c) 0.032"-0.032" 

6 Welds, 3/4" spacing. 



Figure 14, 
Spotwelds in Tensile Samples 
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(a) 2LN19 6 Welds, 3/4" Spacing 
0.032"-0-032" 




Keller's Etch 20392 

lOX 

(b) 2H23 4 Welds, 1^" Spacing 
0.032"-0.032" 




Keller's Etch 20392 

lOX 

(c) 1A7 4 Welds, 1^'^ Spacing 
0.025"-0.025" 




Keller's Etch 20399 

lOX 

(d) 1AD6 6 Welds, 3/4" Spacing 
0.025"-0.025" 



Figure 15. 
Spotwelds in Fatigue Tensile Samplei 
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figure 16. Dirnensions of Curtiss-.;7rig,ht Imt-shaped stiffener. 
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DEFLECTION IN./JN x 10* 

FIG. 18- STRESS -DEFLECT ION TESTS ON STIFFENED PANELS 
WITH li SPOT SPACING. 
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FIG. 19 - STRESS DEFLECTION TESTS ON STIFFENED PANELS 
WITH I" SPOT SPACING. 
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Figs. 20,21 
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CYCLES TO FAILURE 

FIG. 20- FATIGUE CURVES FOR STIFFENED PANELS LOADED IN COMPRESS I ON, SPOT WELD SPACING if 
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CYCLES TO FAILURE 

FIG. 21 -FATIGUE CURVES FOR STIFFENED PANELS LOADED IN COMPRESSION, SPOT WELD SPACING f 
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rigs. 22,31 
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SHEET THICKNESS (INCHES) 
FIG. 22 COMPARISON OF FATIGUE AND 
STATIC STRENGTHS OF STJFFENEO PANELS 
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FIG. 31-FATIGUE CURVES FOR UNSTRESSED ATTACHMENTS 24-ST ALCLAD if SPOT SPACING. 
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Fig. 23 
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Keller's Etch 20390 

lOX 

(a) H2- Longitudinal 0.032"-0.040" 
H2- Transverse 0.032"-0.040" 




Keller's Etch 20391 

lOX 

(b) L3- Longitudinal 0.032"-0.025*' 
L3- Transverse 0.032*'-0.026'* 



Figure 23. 

Typical Spotwelds in Stiffened Panel Section 
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Fig. 24 
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Figure 24. 



Sample K-3, 0.025"-0.032" showing 
weld variation and elliptical shaped 
welds in thin gage compression samples. 
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Figure 25. 
Crack Propagation into Thinner Sheet 



Keller's Etch 20398 

50X 

G-10 Longitudinal 

0.032"-0.040" Compression Sample. 

Figure 26, 
Crack Propagation into Dendritic Zone 
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K^ll3r»s Etch 
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(•a) L3 Transverse 0. 032"-0. 025*' 

L3 Longitudinal 0.032"-0.025" 



Fig* 27 




Keller^s Etch 
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(b) GIO Transverse 0,032"-0.040" 
GIO Longitudinal 0,032". 0,040" 




Keller's 2tch 
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(c) K9 Longitudinal 0.032"-0.025" 
K9 Transverse 0.032"-0. 025" 



Figure 27, 

Appaarance of Fatigue Cracks in Spotwelds 
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Figs. 28^29 




Figure 28. 

Crack: Propagation Similar to 
That Occurring in Lap Weld Sections, 
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(b) 
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Figure 29. 
Fatigue Cracks Starting 



L-3 Transverse 

0.032"-0.025" compression sampl 



NAOA 



Fig. 30 
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Figure 30 



Typical unstressed attachmsnt 
tension fatigue sample. 
(Note failure through line of welds,) 
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rigs. 32,33 
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CYCLES TO FAILURE 

FIG. 32-FATI6UE CURVES FOR UNSTRESSED ATTACHMENTS 24-ST ALCLAD t" SPOT SPACING. 
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Keller Etch 20388 

lOX 



(a) 4c25 

0.025"-0.025" 
49.300 p.s.i. 
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(b) 5K31 

0,032"-0.032" 
41,600 p.s.i. 
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(c) 6B21 

0.040"-0.040" 
25,000 p.s.i. 



Flgs^ 34,35 
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Figure 35 
4C25 

0.025".0.025" 
49,300 p.s.i. 



Figure 34. 



Welds and Fatigue Failures 
in Unstressed Attachments 





Keller's Etch 20397 

SOX 

(b) 4D22 (total failure on other end of weld) 
0.025"-0.025" 
46,600 p.s.i. 

Figure 36. 
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Pig. 38 



Fllgure 38. Grips for compression samples. 
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Fig* 39 
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FIGURE 39- WIRING DIAGRAM OF STRAIN MEASURING BRIDGE 




Figure 40. 



Photograph of strain analysis equipment 
for use in making dynamic measurements 
with SR-4 strain gages. 
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Fig-are 41,- Deflecticn of center line of loading lever (the deflection is 
greatly exaggerated to indicate the effect of ipertia. Points 
N,0,P,Q,,R are points of attaclinient of strain gages mentioned in the text). 
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Figure 42*- Calibration for dynamic throw (left hand side - machine P- 



